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MISSOURI FORESTRY F ACTS* 
1. Land area of state: 44.3 million acres. 
2. Original forest area: 31 million acres (70 percent of total land area). 
3. Present forest area: 15.2 million acres (34 percent of total land area). 
Commercial forest area: 15.1 million acres. 
Noncommercial forest area: 0.1 million acres. 
4. Location of commercial forest area: 
Ozark region: 10.1 million acres (67 percent). 
Prairie region: 2.5 million acres (17 percent). 
Riverborder region: 2.5 million acres (16 percent). 
5. Ownership of commercial forest area: 
Private: 13.7 million acres (90 percent). 
Federal: 1.3 million acres (9 percent). 
State: 0.1 million acres (1 percent). 
6. Net volum'"! of saw-timber growing stock, 1947: 11,898 million board 
feet. 
7. Net volume of total growing stock, 1947: 4,358 million cubic feet. 
8. A verage net volume of saw-timber growing stock per acre: 789 board 
feet. 
9. Average net volume of total growing stock per acr~: 289 cubic feet 
(4.6 cords). 
10. Annual net growth QIl saw-timber growing stock, 1946: 672 million 
board feet (5.65 percent of inventory volume). 
11. Average annual net growth per acre on saw-timber grOWing stock: 
45 board feet. 
12. Annual net growth on total growing stock, 1946: 186.5 million cubic 
feet (4.32 percent of inventory volume). 
13. Average annual net growth per acre on total growing stock, 1946: 
12.4 cubic feet. 
14. Volume of primary forest- products produced, 1946: 198 million cubic 
feet. 
15. Value of primary forest products produced, 1946: 42 mil1.ion dollars. 
16. Missouri labor expended in harvesting and processing forest products, 
1946: 30,000 man-years (250 days per year). 
17. Cutting drain on saw-timber growing stock, 1946: 668 million board 
feet. 
18. Cutting drain on total growing stock, 1946: 150 million cubic feet. 
*The forest resource statistics included in this report differ substantially 
in some instances from similar statistics for Missouri issued by the Forest Service, 
U. S. Department of Agriculture, as part of its reappraisal of the forest situation 
in the United States. Such differences are due mainly to the fact that the 1945 
reappraisal estimates were based on the best information then available, whereas 
this publication reports on the first intensive survey ever made of Missouri's 
forest resources. In general, differences are not due to changes in the forest . 
situation between 1945 and 1947, the date of this survey. For a more complete 
eXplanation of these differences see page 19. 
19. Current annual drain on saw-timber growing stock (based on average 
for several recent years): 460 million board feet. 
20. Current annual drain on total growing stock: 113 million cubic feet. 
21. Current annual change in inventory volume: 
Saw-timber growing stock: increase of 212 million board feet (1.8 
percent). 
Softwoods: increase of 6 million board feet (0.8 percent). 
Hardwoods: increase of 206 million board feet (1.8 percent). 
Total growing stock: increase of 73.5 million cubic feet (1.7 
percent). 
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FOREST RESOURCES AND INDUSTRIES 
OF MISSOURI 
D. B. KING, E. V. ROBERTS 
and R. K. WINTERS 
SUMMARY 
Forest Area.-Missouri's forests occupy more than 15 million acres, 
one-third of the land area of the state. Practically all of this area is classi-
fied as commercial forest land.1 The noncommercial forest lands aggregate 
less than 1 percent of the total forest area. Two-thirds· of all the commer-
cial forest land is in the rugged Ozark region south of the Missouri River. 
Ninety percent of the commercial forest land is privately owned and is al-
most equally divided between farm and nonfarm owners. The Clark and 
Mark Twain National Forests contain 8 percent of the total, and the re-
maining 2 percent is divided between other federal and state ownerships. 
The oak-hickory forest type is predominant in all regions and occurs 
on approximately two-thirds of the commercial forest land. The shortleaf 
pine and oak-pine types combined account for about 7 percent. 
Missouri's forests are largely composed of immature stands. Approxi-
mately 14 percent of the commercial forest land supports saw-timber stands. 
Pole-timber stands are found on 43 percent, seedlings and saplings on 32 
percent, and poorly stocked stands on 12 percent. Since immature stands, 
those other than saw timber, occupy more than 85 percent of the commer-
cial forest land, the level of forest productivity attainable in the future 
depends largely on the care and treatment given them. 
Timber Volume.-The net volume of saw-timber growing stock in 
Missouri is approximately 12 billion board feet. White oak, the most abun-
dant species, makes up more than 20 percent of the total. The combined 
oak species comprise more than 63 percent of all saw-timber growing stock. 
Only 6 percent of the total is softwoods, two-thirds of which is shortleaf 
pine found primarily in the eastern Ozarks. 
The net volume of total growing stock, saw timber and pole timber 
combined, is 4.4 billion cubic feet. The distribution of this volume by species 
closely parallels that of the saw timber, and again the combined oak species 
make up approximately two-thirds of the total. 
Missouri's forests are very poorly stocked with saw-timber trees. The 
net saw-timber volume averages 789 board feet per acre. Only 5 percent 
of the commercial forest land supports stands of more than 3,000 board 
lFor definitions of terms used, see the Appendix, page 72. 
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feet per acre, and only 10 percent of the area exceeds 2,000. The stands 
on approximately one-third of the commercial forest land contain less than 
200 board feet per acre. Under good management, Missouri's forest lands 
could probably support five times the present volume of saw timber. 
The stocking of the immature stands is more satisfactory. The pole-
timber areas, which comprise 43 percent of the commercial forest land, 
average 329 cubic feet per acre. Based on the crown cover of all tree sizes 
combined, 41 percent of the commercial forest land has good stocking; about 
40 percent has fair stocking and 19 percent, poor. Although sparsely stock-
ed with saw-timber trees, the present stocking on more than 80 percent of 
the commercial forest land, composed primarily of immature trees, is suf-
ficient to insure a fair to good mature stand if reasonably good protection 
and management are provided. 
Cull.-The present stand contains a high proportion of cull and defec-
tive trees. The net board-foot volume includes only 54 percent of the gross 
board-foot volume in all saw-timber-sized trees (including cull trees) on 
commercial forest land. More than one-third of the gross board-foot vol-
ume is in cull trees and trees of noncommercial species, practically all of 
which are unmerchantable. Of the gross board-foot volume in trees that 
meet saw-timber specifications, approximately 12 percent is cull material. 
The cull trees must be removed to make room for trees of better quality 
before maximum productivity can be reached. 
Timber Growth.-The net volume of growth on the saw-timber grow-
ing stock during 1946 amounted to 672 million board feet, 5.65 percent of 
the inventory volume. For the state as a whole the net volume of saw-
timber growth averaged 45 board feet per acre. The average net growth 
per acre ranged from 38 board feet in the Ozark region to 59 board feet in 
the River-border region. The 1946 net volume of growth on the total grow-
ing stock, saw timber and pole timber combined, amounted to 186.5 million 
cubic feet and average 12.4 cubic feet per acre of commercial forest land. 
The net volume of growth in Missouri is low primarily because of under-
stocking. On a per acre basis growth is lowest in the heavily exploited 
Ozark region where the stocking is also the poorest. The present area 
of commercial forest land might ultimately produce three times the present 
volume of growth if given rea~onably good management. 
Forest-products Industries.-Missouri's forests support a large forest-
products industry. At least 30,000 man-years of Missouri labor were 
expended during 1946 in harvesting and processing forest products. For-
est industries are classified into two broad groups: primary and secondary. 
Approximately 2,800 primary forest-products plants produced lumber, 
cooperage stock, and other primary forest products during 1946. In addi-
tion to the workers connected with these plants, thousands were engaged 
full-time or part-time in the production of primary forest products that do 
not require plant processing such as mine timbers, fuelwood, and fence 
posts. An estimated 3.3 million man-days of woods labor, equivalent of 
full-time employment for 13,000 men, was required in Missouri during 1946 
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to harvest almost 200 million cubic feet of logs and bolts valued at 42 mil-
lion dollars. An additional 1.2 million man-days of plant labor, 5,000 man-
years, was required by the primary forest-products plants to process a 
portion of these materials into rough lumber, rough staves, veneer, handles, 
and containers. 
More than one-half billion board feet of lumber valued at 18 million 
dollars in rough, green form was produced during 1946 by the 2,600 active 
sawmills in the state. Lumber, including sawn cross ties, accounted for 
40 percent of the volume in all forest products produced during that year. 
More than three-fourths of the Missouri lumber is manufactured by sm,all 
portable mills, each of which produces less than half a million board feet 
annually. 
More wood is used for fuel in Missouri than for any other purpose. 
More than 1.3 million cords of fuelwood was produced in the state during 
1946. Fuelwood accounted for 42 percent of the total volume of all forest 
products. Roughly 60 percent of the fuelwood was salvaged from dead, 
limb, and waste materials. 
Smaller volumes of timber were processed into various other commodi-
ties. Cooperage mills consumed approximately 97 million board feet of 
Missouri timber valued at almost 8 million dollars. An estimated 20 million 
fence posts were produced during 1946, a number almost double that of a 
normal year because of the great demand for posts to repair fences badly 
neglected during the war years. About 3.4 million cubic feet of mine tim-
bers was produced in Missouri primarily for the deep-shaft coal mines in 
southern Illinois. Missouri's forests also supplied 8.5 million board feet 
of handle stock, 9 million board feet of veneer logs, and 3.5 million cubic 
feet of wood for the production of various other minor items. 
The secondary forest-products industries remanufacture wood by proc-
essing it beyond the primary conversion of logs and bolts: The 1947 Census 
of Manufactures lists 336 Missouri establishments engaged in the remanu-
facture of wood. During 1947 these plants produced goods with a value 
added through manufacture amounting to approximately 44 million dollars. 
The average number of emplo~ees engaged by these plants totaled almost 
12,000, and their combined salaries and wages during 1947 exceeded 27 
million dollars. 
Cutting Drain.-The 1946 cutting drain on the saw-timber growing 
stock for the production of forest products totaled 668 million board feet, 
of which 72 percent was cut for lumber. The cutting drain on the total 
growing stock amounted to 150 million cubic feet. Approximately three-
fourths of all timber drain during 1946 was from saw-timber trees. 
Growth-drain Balance.-Inasmuch as the 1946 volume of cutting drain 
in Missouri was the highest for any recent year, it would be unrealistic to 
use the 1946 drain in growth-drain comparisons to establish the current 
trend of the Missouri forest growing stock. To gain a better measure of 
the true trend, growth-drain comparisons are based on the estimated annual 
drain over a period of several recent years. 
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The volume of saw-timber growing stock is slowly increasing. The 
volume of net growth exceeds the volume of cutting drain by 212 million 
board feet annually, which results in a 1.8 percent increase in the volume 
of saw-timber growing stock each year. Although a favorable balance 
does exist, the volume of growth is exceedingly low primarily because of 
understocking. The Missouri forest lallds could probably support five times 
the present volume of saw timber. At the present rate of increase, 212 
million board feet per year, roughly 225 years would be required to reach 
this goal. Another factor to consider is that the balance for the state 
does not hold true for smaller areas. The cutting intensity varies locally, 
and serious overcutting occurs in some areas. Nor does the over-all balance 
indicate changes in the quality, species, and tree-size composition of the 
stand. Under prevailing cutting practices in Missouri the drain is con-
centrated on the larger trees and on the more desirable species, whereas 
growth is distributed over all trees regardless of size, species, or quality. 
As a result, stand deterioration often occurs despite a favorable growth-
drain balance. 
The volume of total growing stock, saw timber and pole timber com-
bined, is increasing at approximately the same rate as the saw timber. The 
volume of net growth exceeds the drain each year by 73.5 million cubic fee~ 
1.7 percent of the total growing stock volume. As in the case of saw timber, 
the balance varies among regions and localities, with severe overcutting and 
stand deterioration occurring in some areas. The annual volume of growth 
on the total growing stock now averages only 12.4 cubic feet per acre and 
cannot increase appreciably until the volume of growing stock is built up. 
Widespread adoption of good forest-management practices can greatly in-
crease the volume of growing stock, the volume of growth, and ultimately 
the benefits derived from Missouri's forest lands. 
A Forest Restoration Program.-The future prosperity of the state 
depends upon wise use of all resources. The Missouri forest resource has 
not been wisely used and is not producing all the benefits that it could. The 
acreage of forest land in M~ssouri will probably change but little in the 
foreseeable future. Any reductions in forest area through land clearing 
are likely to be offset by the return of submarginal agricultural lands to 
forest. Approximately one-third of the land area of the state will probably 
remain in forest. This large area can best serve the people, the state, and 
the nation by supporting productive forests. The productivity of the de-
pleted forest lands can be restored. Responsibility for action rests jointly 
upon the landowners, industry, and the local, State, and Federal Govern-
ments. All will share the increased benefits gained through forest restora-
tion. All can participate in a program to increase the returns from forest 
lands. Present forest conditions indicate a need for (1) more intensive 
and expanded forest protection, primarily from fire, (2) better manage-
ment practices designed to increase the stand volume in trees of desirable 
species, size, and quality, (3) improved marketing and utilization of forest 
products, (4) expanded public ownership of forest lands not suited for 
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private ownership, and (5) intensified research to solve the problems in-
volved in forest and range management, in forest influences on run-off and 
erosion, in marketing and utilization of forest products, and in the econ-
omics of forest land use. 
GENERAL DESCRIPTION OF THE STATE 
Physical Characteristics 
Missouri is located near the center of the United States. Its favor-
able geographic position gives it a competitive advantage in the major 
consuming markets of the midwest. The Mississippi River flows along the 
eastern border of the state, and the Missouri River bisects it a little north 
of center. Having more than 44 million acres of land and 256,000 acres of 
water, the state ranks eighteenth in size in the nation. It extends approxi-
mately 280 miles from north to south and averages about 240 miles from 
east to west. 
Physiographic Regions.-Variations in physiographic conditions among 
parts of the state cause differences in forest conditions and forest prob-
lems. To facilitate interpretation of the Survey data in the light of these 
differences, the state was divided into three major physiographic regions 
(Fig. 1): (1) the Prairie region, which was further subdivided into the 
glaciated Northeastern and Northwestern Prairies, and the unglaciated 
Western Prairies; (2) the Ozark region, which was also divided into three 
subregions; and (3) the Riverborder region, which includes a transition 
belt along the lower Missouri River and the Mississippi Bottomlands in 
the extreme southeastern part of the state. On the ground the boundaries 
of these physiograpliic regions are seldom sharply defined because the tran-
sition from one to another is usually gradual. Since forest statistics could 
best be gathered by counties, the regional boundaries were drawn on the 
county lines that conformed most nearly to the physiographic boundaries. 
The Prairie region.-AlthCiugh this region is principally agricultural, 
it contains a large aggregate forest area, found chiefly in small farm wood-
lands and on the breaks and bottomlands along the streams. The predom-
inating species are elm, and red and white oaks, with some maple, hickory, 
cottonwood, and black walnut. 
The glaciated Northeastern and Northwestern Prairies occupy approxi-
mately 30 percent of the total state area. Glaciers covered this area with 
a heterogeneous mixture of soils derived from Iowa and the Lake Superior 
.region. Winds subsequently picked up these finely ground glacial materials 
and concentrated them in certain parts of the state. These fertile deposits, 
known as loess soils, are deepest and most widespread in northwestern Mis-
souri. They also occur along the Missouri River and its tributaries, and 
in the northeastern corner of the state along the Mississippi River. Much 
of the land along the Missouri River and its tributaries has been eroded to 
steep slopes, but extensive plateaus of gently rolling to level land remain 
between the valleys of the major tributaries. At present, forests occupy 
only 12 percent of the glaciated prairies (Fig. 2). 
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Figure 1.-Physiographic regions and. counties in Missouri. 
The Western Prairies, roughly 14 percent of the state area, is an, ex-
tension of the relatively treeless plains stretching east from the Rocky 
Mountains. This region of residual prairie soils is characterized by un-
dulating to roIling topography. The meandering streams with broad flood 
plains flow through gently sloping valleys. Because the soils are best suited 
to forage crops, livestock production is the most important agricultural 
activity in this area. Small tracts of timber, found along the streams and 
in scattered farm woodlands, cover approximately 14 percent of the total 
land area. 
The Ozark region.-More than one-third of the state lies in the Ozark 
region, characterized by steep, forested slopes of stoney, light-colored soils 
of, low fertility. This area also extends to the south and west into Arkansas 
and Oklahoma, The highest point in Missouri, Taum Sauk Mountain, 
reaches an elevation of almost 1800 feet, 1000 feet above the average eleva-
tion of the state. The topography is hilly to almost mountainous, and the 
numerous deep valleys drop as much as 700-800 feet below the ridges. Al-
though the Ozark region contains very little level land, it includes many areas 
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Figure 2.-The gently rolling prairies of northern Missouri are primarily 
devoted to agriculture. Such woodlands as occur are generally on the rough 
breaks and on the bottomlands along the streams. 
suitable for agricultural crops not requiring fertile soils. The eastern part of 
the Ozark region is the most heavily forested portion of the state and has 
almost three-fourths of its area in forest (Fig. 3). More than 60 percent 
of the entire Ozark region is timbered, predominantly with second-growth 
stands of oaks and a mixture of other hardwoods. Shortleaf pine is limited 
largely to the eastern portion. 
The Riverborder region.~This region is made up of two distinctive 
physiographic subdivisions, th~ Missouri Riverborder and the Mississippi 
Bottomlands, which in many respects must be considered as two separate 
units. Because the total area of forest land in each is relatively small, 
and because financial limitations prohibited more intensive survey sampling, 
the two units were combined to provide reliable forest statistics. 
The Missouri Riverborder subregion is a transitional belt separating 
the rough Ozark hills from the glaciated prairies to the north. It is not 
as rough as the Ozark region and the soils are generally less stoney. The 
topography varies from hilly to comparatively level. The roughest por-
tions are found along the rivers in Ste. Genevieve, Jefferson, and Osage 
Counties. Woodlands occupy about 36 percent of the land area in this sub-
region and support stands of oak, elm, hickory, sycamore, cottonwood, and 
other hardwoods as well as some redcedar and shortleaf pine. 
The Mississippi Bottomlands of Missouri are the northern tip of the 
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Figure 3.-The hilly Ozarks are predominantly forested. (G. Massie, Mis-
souri Resources Division.) 
rich alluvial plain extending northward from the mouth of the Mississippi 
River. The average altitude of this part of the state ranges from 300 
feet in the south to 350 feet in the north. In general, it is a broad, flat, 
poorly drained plain with very little surface variation except for several 
low ridges such as Crowley's. Ridge and the Commerce Hills, which rise 
20 to 160 feet above the general plain. The bottomland soils were derived 
front materials deposited by the rivers. They are, therefore, of complex 
origin showing extreme variations in age and physical properties. This 
fiat plain with its fertile soils, high watertable, and long growing season 
originally supported heavy stands of sweetgum, oak, elm, hickory, pecan, 
cypress, yellow-poplar, and cottonwood. Largely as a result of an exten-
sive drainage program, the greater part (82 percent) of this land area is 
now in farms. HoweVer, good stands of timber still exist in scattered 
farm woodlands and between the levees and the river. At present 21 
percent of this area is wooded. 
Climate.-Missouri's climate varies considerably between the northern 
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prairies and the southeastern bottomlands. The winters as a rule are brisk 
but not severe. The summers are generally warm with occasional short 
periods of extreme heat. Spring and fall are of moderate temperatures. 
In the northern part of the state the last killing frost occurs in April and 
the first in October which gives an average growing season of about 170 
days. This frost-free period varies locally, and increases to more than 210 
days in the extreme southeastern portion of the state. The average annual 
rainfall varies from 32 inches in the. northwest to slightly more than 50 
inches in the southeast. Approximately 42 percent of the annual precipi-
tation occurs during the crop growing season from May to August inclu-
sive. Despite the seemingly adequate !ainfall, high run-off, rapid sub-
surface drainage, and high evaporation rates cause short drouths that de-
finitely affect crop growth. Dry periods during the spring and fall also 
create serious fire conditions in the woodlands. The seasonal snowfall, 
which averages about 18 inches and varies from 5 to 40 inches, seldom 
hampers year-round work in the forest. 
Economic Characteristics 
Population and Employment.-The first white men known to have 
visit"d Missouri were Spanish explorers in 1541, more than 75 years before 
the Pilgrims landed at Plymouth. The first settlers in this region were the 
French Canadians who, early in the eighteenth century, settled on the Illinois 
side of the Mississippi between the mouths of the Missouri and Ohio Rivers. 
Ste. Genevieve, established about 1730, was the first permanent settlement on 
the Missouri side of the river. St. Louis, the second, was established as a fur 
post in 1764. The early immigrants settled mainly in the southeastern part 
of the state and later moved westward along the Missouri River. Rapid 
expansion of the railroads during the Civil War period greatly improved 
transportation facilities to the far west, increased the demand for Missouri 
products, and stimulated the development of the state. Since 1890 the popu-
lation has increased substantially in the industrial cities and the south-
eastern lowlands, has increased slightly in the Ozarks, and has declined 
appreciably in the Prairie region. In 1940 Missouri had a population of 
nearly 3.8 million of which 90 percent were American-born whites (national 
average. 82 percent). The population was approximately half urban and 
half rural. Between 1930 and 1940 the urban population increased 5.5 per-
cent and the rural population, 3.0 percent. During the same period the 
national population increase averaged 7.2 percent. 
As of March 1940, 1.5 million people were included in the total labor 
force as defined by the Bureau of the Census. Of these 85 percent were 
employed, 6 percent were engaged in public emergency work, and 9 percent 
were unemployed. The number of employed was increased shortly after 
this date by the war stimulated demand for agricultural and industrial 
workers. The total labor force employed in other than public emergency 
work in 1940 was distributed among the important occupations as follows: 
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Agriculture ......................... . 
Manufacturing ...................... . 
Wholesaling and retailing ............ . 
Personal services .................... . 
Professional services ................. . 
Construction ......................... . 
Other ............................... . 
Total ........................... . 
Persons 
306,040 
244,904 
238,154 
109,837 
92,688 
56,493 
248,978 
1,297,094 
Percent 
24 
19 
18 
9 
7 
4 
19 
100 
Employment in forestry and forest industries was included in several 
of the above categories. Estimates based upon the best available informa-
tion indicate that in 1946 forestry and the forest industries required the 
equivalent of at least 30 thousand men on a full-time basis. 
Agriculture.-Missouri is one of the leading agricultural states of 
the nation. Recent statistics show that Missouri ranks eighth with respect 
to cash receipts from farming. In 1946, according to estimates of the U. S. 
Bureau of Agricultural Economics, the total cash recei:~)ts from farming, 
including federal payments, amounted to more than 9t>2 million dollars. 
Cattle production was the greatest single source of farm income, followed 
by hogs, dairy products, and poultry products and poultry in that order. Of 
the great variety of field crops, cotton contributes the greatest cash return, 
followed by soybeans, corn, and wheat. 
Farm woodlands occupy about 7 million acres, or approximately 20 per-
cent of the total farm-owned land in the state (Fig. 4). The woodland area 
contributes considerably more to the farm economy than is indicated by the 
cash receipts. Cash receipts represent only the products sold which in 
the case of forest products constitute only a small part of the total volume 
cut from farm woodlands. It is estimated that in 1946 farm woodlands 
produced 1.3 million cords of fuelwood valued at about 12.5 million dollars 
and 19 million fence posts valued at almost 5 million dollars. Practically 
all of the fuelwood, fence posts, lumber, and miscellaneous timber items 
produced on farms are also consumed on farms, and their value is not 
included in the total cash receipts. 
The size of the contribution of farm woodlands to the farm economy 
has not been fully recognized until recently, and accurate estimates of the 
total volume of forest products produced from farm woodlands are not 
available. The value of forest products harvested from MissouFi farm 
woodlands in 1946 is conservatively estimated at 25 million dollars, or more 
than $100 per farm. Since farmers are beginning to recognize timber as 
a profitable crop and to adopt better forest practices, the contribution of 
the farm woodland to farm income will no doubt increase in the future. 
Farmers are receiving assistance in managing their woodlands from the 
extension forester of the Missouri College of Agriculture and the farm 
foresters jointly sponsored by the State and Federal Governments under 
the Norris-Doxey Act of 1937. The growing interest in farm woodlands 
is demonstrated by the ever-increasing number of requests received from 
farmers for technical aid in managing their woodlands. 
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Figure 4.-Proportion of farm-owned land in forest by county, 1945. 
(Source: 1945 Census of Agriculture.) 
Manufacturing.-Missouri ranks fourteenth among the states of the 
Nation on the basis of value added through manufacture. Considering only 
the states west of the Mississippi River, it ranks third. The 1947 Census 
of Manufactures conducted by the U. S. Bureau of the Census lists 5,725 
manufacturing establishments in the state. The value added by manufac-
ture to all goods produced in Missouri during 1947 amounted to more than 
1.6 billion dollars. 
According to Census estimates the average number of employees en-
gaged by all Missouri manufacturing industries totaled 327,515. Indus-
tries making food products lead the list with 50,803 employees, followed 
by leather and leather products with 42,545, and apparel and related pro-
ducts with 37,493. The industries-those included in this survey-that 
produced lumber and wood products other than furniture employed 7,152, 
and the furniture and fixture plants, 7,515. Many of Missouri's primary 
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forest-products plants are not included in these estimates because of the 
minimum size limits established for inclusion. No estimate of employ-
ment in these additional plants is available for 1947. However, the 1946 
labor estimates made by the Forest Survey for all primary forest-products 
industries in Missouri totaled approximately 18,000 man years. This 1946 
estimate for primary forest-products industries combined with the average 
employment in the se~ondary forest-products industries, as estimated by 
either the U. S. Bureau of the Census for 1947 or by the U. S. Bureau of 
Labor Statistics for 1946, indicate that at least 30,000 Missouri workers 
were engaged in harvesting and processing forest products during 1946. 
Transportation.-From the time of first exploration the Missouri and 
Mil'lsissippi Rivers greatly influenced the state's development. To this day 
two-thirds of the state's population live on the one-third of its land area 
included in the counties adjoining these rivers. The streams were the 
first important traffic lanes. Stage-coaches and wagon trains later carried 
the commerce of the rivers westward and opened the back country to .set-
tiement. Because of Missouri's favorable geographic position it became 
the jumping off point for many of the major land routes to the West, in-
cluding the famous Oregon and Sante Fe Trails. Today the rivers provide 
the state with 1,060 miles of navigable waterways. 
Railroad construction began in 1851, and by 1865 most of the major 
lines now active in the state were operating. St Louis and Kansas City, 
two of the leading railroad centers in the nation, are now served by 22 
trunk-line railroads. As of January 1946 the class 1 railroads owned more 
t,han 11,000 miles of track in the state of which 7,400 miles were trunk 
lines. More than 845,000 tons of forest products were included in the 27.5 
million tons of revenue freight originating on class 1 railroads within 
the state during 1946 (Fig. 5). 
Missouri's highway system, as of January 1947, included 16,500 miles 
of federal and state highways and 100,500 miles of county roads, of which 
38,000 miles were of surfaced all-weather construction. The highway sys-
tem is important in transporting forest products. Large quantities of forest 
products are hauled to market entirely by trucks. Logging operations in 
the relatively sparse stands of second-growth timber ordinarily do not con-
centrate a sufficient volume of logs and bolts to warrant railroad logging. 
Most forest materials included in the rail freight tonnage were first con-
centrated at shipping points by truck. 
Electric Power.-The availability of electric power often limits indus-
trial eXllansion. In 1945 the installed generator capacity of all Missouri 
plants contributing to the public supply, including hydro, steam. and in-
ternal combustion plants, was 939,000 kilowatts. Of this total only 151,000 
kilowatts was in hydroelectric plants. The Federal Power Commission 
estimates that the undeveloped hydroelectric power capacity in Missouri 
exceeds two million kilowatts. Plants within the state generated more 
than 3.4 billion kilowatt-hours of electricity during 1945. Additional power 
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Figure 5.-Revenue freight (carload traffic) originating in Missouri on 
class 1 steam railways, 1946. (Source: Interstate Commerce Commission.) 
is available from neighboring states whose utility sytems are connected 
with the Missouri systems. 
Most of the potential dam sites in Missouri are in the more rugged and 
heavily forested parts of the state. The forests on watersheds above hy-
droelectric dams should be protected from burning, overcutting, and other 
practices which accelerate run-off, increase erosion, and result in rapid sil-
tation of reservoirs. A continuous supply of clear water is essential to any 
power development project. In watersheds having power potentialities, 
soil stabilization and run-off control through proper land-use measures, 
including rehabilitation of depleted forest stands, are often more import-
ant considerations than timber production. 
THE FOREST RESOURCE 
The Forest Survey in Missouri, a part of the National Survey of For-
est Resources, is the first intensive survey to be made of Missouri's forest 
land and timber resources. 
The following forest resource statistics shown by this recent Survey 
di,ffer from previous estimates such as compiled by the Forest Service, U. 
S. Department of Agriculture, in its 1945 reappraisal of the forest situa-
tion in the United States. These previous estimates were based upon the 
best information available locally at the time. The Forest Survey, on the 
other hand, is based on a scientifically designed sampling procedure involv-
ing both rerial photographs and ground plots and providing reliable data 
on a state basis. Differences between Forest Survey and reappraisal statis-
tics are due almost entirely to greater intensity of the Forest Survey. The 
time difference between the two sets of figures is of almost no significance. 
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At present, the Forest Survey provides the most accurate information avail-
able on Missouri's forest resources and industries. 
Forest Area 
Forests once covered more than two-thirds of the land in Missouri. 
At the time of first settlement some 31 million acres were forested. The 
remainder was prairie. Since that time most of the virgin timber (Fig. 
6) in the state has been cut, and the forest cover has been eliminated from 
approximately one-half of the land originally in forest. 
Today one-third of the state, roughly 15 million acres, still remains 
in forest (Table 6). A large proportion of the total forest area is found 
in the rugged Ozark counties (Figs. 7 and 8). The remainder is scattered 
throughout the state in smaller tracts along the rough breaks and bottom-
lands of the streams, and in thousands of farm wood lots. Only 113,000 
acres, one-third of one percent of all forest land, is classed as noncommer-
cial. This area includes 37,000 acres of forest land withdrawn from timber 
production primarily for recreation use and 76,000 acres in unproductive 
areas, such as exposed faces and ridges that are not capable of produc-
ing trees averaging one 8-foot merchantable log (Table 7). Since this non-
commercial forest area is small and occurs in scattered tracts it has little 
or no effect on the over-all forest situation. 
Ownership.-Private holdings aggregate almost 14 million acres, 90 
percent of the commercial forest land in the state (Table 8). Recent es-
timates indicate that this area is about equally divided between farm and 
nonfarm owners. Most of the forest land in Missouri is in small owner-
ship tracts. Although the public holdings and a few industrial forests are 
in relatively large b!ocks, their combined area makes up only a small part 
of the total. Although about half of all private forest land is farm-owned, 
the woodlands average only 29 acres per farm. Thousands of small forest 
tracts are held by nonfarm, nonindustrial owners, many of whom are non-
residents. The Forest Service, U. S. Department of Agriculture, recently 
estimated that 96· percent of the private forest land in Missouri is in hold-
ings of less than 5,000 acres each. It is apparent that the future of the 
state's timber resource depends largely on the management given these 
small privately owned woodlands. 
Ten percent of the commercial forest land is in public ownership, ap-
proximately 9 percent federal and 1 percent state. The Clark and Mark 
Twain National Forests include approximately 1.2 million acres of com-
mercial forest land that has been acquired by purchase and exchange since 
1933. The present boundaries of the national forest purchase units include 
about 3.5 million acres, 3.0 million acres of which might ultimately be ac-
quired as national forest land. Federal forest lands in game and wildfowl 
refuges, and in military reservation total 121,000 acres. The state owns 
approximately 120,000 acres of commercial forest land, chiefly in state 
forests and state game refuges. The forest area owned by the counties and 
municipalities is negligible. 
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Figure 6.-A remnant of the virgin pine which once covered a large area 
in the eastern Ozarks. (G. Massie, Missouri Resources Division.) 
Forest Types.-Forest types were classified on the basis of species 
composition of the stand. The differences in species composition between 
some of the Miesouri forest types are not great, and the occurrence of the 
important species shifts with changes in locality, elevation, soil type, ex-
posure, and topography~ Furthermore, the change from one type to another 
is often gradual. Oak species are dominant on more than 80 percent of the 
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BLACK AREAS 
INDICATE WOODLANDS 
Figure 7.-Missouri's forests are concentrated in the rugged Ozarks south 
of the Missouri River. (Courtesy of the Missouri Conservation Commission.) 
TOTAL 
15.1 MILLION ACRES 
• 8 
MlLlION AORES 
Figure 8.-Commercial forest area by physiographic region, 1947. 
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forest area of Missouri, and occur in mixture with a large number of other 
species. 
The oak-hickory type is. the most extensive type in each of the Sur-
vey regions (Fig. 9). It covers about 10 million acres, and occupies 65 
percent of the total commercial forest area of the state (Table 10). This 
type occurs on well-drained sites (Fig. 10) and is composed primarily of 
oaks, hickory, and mixed hardwoods. The species composition varies with-
in the type. Black oak, scarlet oak, and post oak predominate in the Ozarks; 
white oak is the most common species in the Riverborder region, and elm 
in the Prairie region. The proportion of hickory in this type is fairly con-
stant throughout all regions. 
The 1.4 million acres of bottOlnland hardwoods comprise approximately 
9 percent of the commercial forest area. This type is found on the flood 
plains of the rivers and streams. The principal species include oaks, hick-
ory, elm, sweetgum, blackgum, sycamore, cottonwood, and willow. How-
ever, the stand composition varies considerably f;rom one locality to another. 
TOTAL 
15.1 MILLION ACRES 
Figure 9.-Commercial forest area by forest type, 1947. 
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Figure lO.-An open oak-hickory stand on ridgetop in the Ozarks. 
More than 1 million acres, 7 percent of the commercial forest area, 
is in the white oak type (Fig. 11). Although predominately white oak, 
the type also includes a mixture of other oaks, hickory, ash, elm, maple, 
and walnut. The area covered by the white oak type does not fully indicate 
the importance of this valuable species in Missouri, because it also occurs 
in other types. The volume of white oak exceeds that of any other species 
in Missouri. 
The oak-pine type occurs on 794,000 acres, 5 percent of the commercial 
forest land. It is found only in the southern part Of the state, primarily 
in the eastern Ozarks where it covers 14 percent of the total commercial 
forest area. The principal species in this type are shortleaf pine, oaks, and 
other hardwoods (Fig. 12). 
The mixed hardwood type covers 662,000 acres, 4 percent of the com-
mercial forest land. It occurs in all regions, but is most prevalent north 
of the Missouri River. The principal species include elm, oak, hickory, 
maple, walnut, and ash. 
The greatest concentration of the cedar-hardwood type is in the White 
River watershed of the southwestern Ozarks. It is also scattered through-
out the Ozarks and in the Missouri Riverborder. Altogether, the area cover-
ed by this type totals 492,000 acres, 3 percent of the state's commercial 
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Figure ll.-Virgin white oak stand in the Clark National Forest. The 
volume of the white oak species accounts for more than 20 percent of all saw 
timber in the state. . 
forest area. This type is chiefly made up of red cedar, oaks, hickories, and 
associated species. 
The pin-oak flats occur primarily on the poorly drained stream bot-
toms in the Prairie and Riverborder regions and in small scattered stands 
in the eastern Ozarks. This type covers 342,000 acres, and makes up 2 
percent of the commercial forest area. The principal speCies include pin-
oak, ash, maple, elm, hickory, and sweetgum. 
The scrub hardwood type occupies 285,000 acres, 2 percent of the com-
mercial forest area. Stands of this type are composed of species such as 
blackjack oak, sal:!8afras, service berry, and persimmon as well as scrub 
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Figure 12.-The oak-pine type occurs chiefly in the eastern Ozarks. 
forms of other oaks. This type is found in all regions, generally on dry 
sites of low fertility. It is often a transition type that develops on aban-
doned clearings and is usually followed by better stands. 
The shortleaf pine type occurs in the eastern and southern portions 
of the Ozark region and occasionally in the Riverborder region. The 226,000 
acres in this type' represents 1.5 percent of the commercial forest area. This 
type, composed of shortleaf pine and mixed hardwoods. is very similar to 
the oak-pine type, but contains a larger proportion of pine. 
Stand-size Class.-The Forest Survey recognized five stand-size classes: 
large saw timber, small saw timber, pole timber, seedlings and saplings, 
and poorly stocked (Fig.13). 
Saw-timber stands that contain more than one-half of the net saw-
timber volume in trees 15 inches and larger d.b.h. were classified as large 
saw timber. These stands are seldom extensive, and usually occur in rela-
tively small patches scattered. throughout the forest area. They occupy a 
greater proportion of the total forest area in the farm woodlands and the 
bottomland strips along the rivers in the Prairie and Riverborder regions 
than they do in the forested uplands of the Ozarks. The small saw-timber 
stands, those with one-half the net board-foot volume or less in trees 15 
inches d.b.h. and larger, are similarly distributed. In the Prairie and River-
RESEARCH BULLETIN 452 27 
Figure l3.-Commercial forest area by stand-size class, 1947. 
border regions the two saw-timber-size classes combined occupy about 20 
percent of the total forest area. In the Ozarks they account for about 10 
percent, reducing the state average to 14 percent. A corresponding fi-
gure for the stands in an adjoining state, Illinois, is 46 percent. The pro-
portion of the Missouri forest area qualifying as saw timber is far less 
than that needed for maximum sustained production of merchantable tim-
ber. 
Immature stands, those other than saw timber, occupy 13.0 million 
acres, or more than 85 percent of the commercial forest area (Table 11). 
This large area supporting young stands provides the basis for continued 
production and future expansion of the forest industries. If these areas 
are protected from fire and premature cutting, the saw-timber area and 
volume will steadily increase. This increase will make possible a larger 
permanent forest industry. Thus the treatment that these young stands 
receive is of utmost importance in perpetuating and expanding the forest 
industries of the state. 
Stocking.-Based on the crown coverage of all tree-size classes com-
bined, excluding cull trees and trees of noncommercial species, 41 percent 
of the commercial forest land has good stocking; 40 percent has fair stock-
ing, and 19 percent poor (Fig. 14). 
On the same basis 66 percent of the saw-timber area has good stock-
ing. This does not mean that the stocking of saw-timber trees on the area 
is good, but rather that the total stocking including trees of all sizes, is 
good. More than 50 percent of the pole-timber area and 30 percent of the 
seedling and sapling area have good stocking. Because young trees have 
smaller crowns than the more mature trees, these estimates probably in-
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Figure 14.-Commercial forest area by stand-size and stocking class, 1947. 
dicate a lower degree of stocking than would estimates based upon some 
other criteria such as the number of stems. 
Poor stocking does not necessarily indicate poor site. Cutting, graz-
ing, or burning may result in poor stocking on lands capable of bearing 
dense stands of timber. Many poorly stocked areas are being deliberately 
converted from forest to pasture. On the other hand, good stocking does not 
always indicate the presence of an adequate stand. The species composition 
of the stand may be unsatisfactory, or the stand may include a high pro-
portion of low-quality trees. 
The ability of a hardwood forest to perpetuate itself under extremely 
adverse conditions is demonstrated by the mere existence of the Missouri 
forests today. This persistance is largely due to the ability of hardwoods 
to sprout. Present stands in the national and state forests demonstrate 
the ability of depleted stands to improve in density, quality, and growth after 
no more than 15 years of improved protection and management. The time 
required to build up a depleted stand depends to a considerable extent upon 
the characteristics of the initial stand. Although the stocking of saw-tim-
ber trees in the Missouri forests is very poor, the present stocking of young-
er trees on more than 80 percent of the commercial forest land is generally 
sufficient to guarantee a satisfactory stand in response to improved forest 
management. 
Site Quality.-It is commonly believed that any land too poor for 
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other agricultural uses is suitable for growing timber. Although timber 
can be produced on sites unsuited for other agricultural operations, many 
of the poorest areas can produce only inferior crops of timber. Trees, like 
any other plants, grow better on good sites. The demand for agricultural 
land in Missouri has been great. As a consequence the present forests are 
generally found on lands unsuited for other agricultural uses. 
The ability of an area to grow timber is chiefly determined by the 
chemical and physical properties of the soil, including water relations, and 
by topography, climate, elevation, and exposure. The combined effect of 
these factors on growth determines the quality of the site. The Forest 
Survey recognized site classes 0 to 3. The site index number is based on 
the average merchantable height that can be attained on the area by mature 
hardwood trees under present growing conditions. Merchantable height 
was estimated to the nearest one-half of a 16-foot log. Areas on which 
hardwood trees averaged one-half log in height were classified as site O. 
Eight percent of the forest area was classified as site 0 (Fig. 15). Sixty-
seven percent was classified as site 1 (1- and 1% log sites). This indi-
cates that under present conditions approximately three-fourths of the 
commercial forest ·area is not growing hardwood trees averaging more than 
1 V2 logs in merchantable height. Twenty-three percent of the forest area 
is site 2 or better. A few small areas in the rich, moist bottomlands pro-
duce 3- and 4-log hardwoods, but the total acreage is negligible. Within 
the pine range, pine trees average one log taller than the hardwoods on 
identical sites. The site quality of many areas can probably be improved 
through better fire control and better forest management. 
Figure 15.-Commercial forest area by physiographic region and site-quality 
class, 1947. 
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The proportion of forest land in each site class varies little among re-
gions. The bottomlands in any region undoubtedly produce taller trees. 
However, since the region boundaries were drawn to coincide with county 
lines, many forest areas on the adjacent ridges and hills were included 
with the bottomlands in the Prairie and Riverborder regions. The inclusion 
of these upland areas reduces the over-all site quality for these regions to 
approximately the average for the remainder of the state. 
The Prairie region, especially the portion lying north of the Missouri 
River, is generally more fertile than the Ozark region. However, the best 
sites in the Prairie region have been devoted to agriculture, and the forests 
generally occupy the rough and the poorly drained areas that average but 
little better than those of the Ozarks in site quality. The average volume 
of saw timber per acre in the northern stands exceeds that of the Ozarks 
partly because of better site quality, but chiefly because of less intensive 
cutting. 
Timber Volume 
Board-Foot Volume.-N et volume.-The net board-foot volume of saw 
timber in Missouri at the beginning of 1947 was 11.9 billion board feet. 
The oak species comprise 63 percent of all saw timber in the state (Table 
12). White oak, the most abundant single species, makes up more than one-
fifth of the net board-foot volume (Fig. 16). Black oak and the post oak 
group account for 18 and 12 percent respectively. Only 6 percent of the 
total is softwoods, two-thirds of which is shortleaf pine found primarily 
in the eastern Ozarks. 
Almost one-half of the net board-foot volume is found on saw-timber 
areas although they constitute only 14 percent of the commercial forest 
land (Fig. 17). The remaining half occurs scattered on areas classified 
as pole timber, seedling and sapling, or poorly stocked. The heaviest stands 
on these latter areas contain less than 1,500 board feet per acre. The vol-
ume on them is largely made up of trees that were locally unmerchantable 
at the time of the last cut, but which are now merchantable because of 
growth or becatise of the lowering of local merchantability standards. Prac-
tically aU of the saw timber in Missouri is in second-growth stands. 
The net volume of saw timber per acre is very unsatisfactory. The 
total commercial forest area averages only 789 board feet per acre (Table 
23) . The heavily cut-over Ozark stands average 632 board feet per acre. 
The stands on approximately one-third of the commercial forest area con-
tain less than 200 board feet of saw timber per acre (Fig. 18). Approxi-
mately 10 percent of the commercial forest area supports stands that ex-
ceed 2,000 board feet per acre, and only 5 percent of the area exceeds 3,000 
board feet per acre. 
The distribution of the Missouri saw-timber volume by tree-diameter 
class leaves much to be desired (Table 14). Past cutting has reduced 
the proportion of large trees in the stand until today more than half the 
total saw-timber volume is in trees with diameters less than 15 inches at 
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TOTAL 
11.9 BILLION BOARD FEET 
Figure 16.-Net board-foot volume on the commercial forest area by species 
group, 1947. 
32 MISSOURI AGRICULTURAL EXPERIMENT STATION 
VOLUME 
Figure 17.-Commercial forest area and net board-foot volume by stand-
size class, 1947. 
Figure 18.-Commercial fot-est area by board-foot volume-per-acre class, 1947. 
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breast height (Fig. 19). Only 23 percent is in trees larger than 19 inches 
d.b.h. (Table 15) as compared to about 40 percent in the forests of an ad-
joining state, Illinois. 
The economic availability of timber depends on several factors such as 
location, volume per acre, transportation facilities, quality of timber, type 
and value of final product, topography, and size of operation. During the 
boom days of lumbering, railroad logging with large stationary mills re-
quired extensive, heavily stocked stands to offset the heavy investment in 
equipment. Present operations in Missouri, which generally involve truck 
hauling over a well-distributed network of roads to small portable mills, 
are often successful in sparse stands. Operators have been known to work 
areas producing as little as 200 board feet per acre. Single trees are often 
hauled long distances if suitable for such a premium product as face veneer. 
Under prices such as those prevailing in early 1947 most of the saw timber 
in the state is considered to be economically accessible. 
Cull volume.-The present stands on Missouri's forest lands contain 
a high proportion of cull and defective trees. The net board-foot volume 
includes only 54 percent of the gross board-foot volume in all saw-timber-
sized trees (including cull trees) on the commercial forest area. More 
than one-third of this gross board-foot volume is in cull trees and trees 
of noncommercial species, practically all of which are unmerchantable under 
present marketing standards. Of the gross board-foot volume in trees that 
meet saw-timber specifications, approximately 12 percent is cull material. 
The percentage of cull in saw-timber trees is highest in the Ozark region, 
14 percent as compared to 8 percent in the remainder of the state. The 
removal of cull trees to make room for trees of better quality is one of 
the major problems in the forest restoration program. 
Figure 19.-Net board-foot volume on the commercial forest area by tree-
diameter class, 1947. (The 10-inch class includes only softwoods.) 
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Cubic-Foot Volume.-Growing stock.-The net cubic volume of total 
growing stock on the commercial forest area is 4.4 bi1lion cubic feet (Table 
19). More than one-half of this volume is in pole-timber trees (Fig. 20). 
Only 10 percent is in trees 19 inches d.b.h. and larger. A comparison by 
regions show that the Ozark region has only 7 percent of its net cubic 
volume in trees 19 inches d.b.h. and larger, as compared to approximately 
twice that proportion in each of the other two regions. 
The net cubic volume of growing stock averages 289 cubic feet or 4.6 
cords per acre, a volume considerably less than the corresponding average 
for hardwood stands in any other of the central and eastern states. The 
pole-timber areas, comprising 43 percent of the commercial forest area, 
average 329 cubic feet or 5.2 cords per acre, a volume comparing more 
favorably with the averages for such stands in other states. The present 
situation with respect to the younger stands is considerably more encour-
aging than that of the depleted saw-timber stands. The proportion of 
pine, especially in stands on the drier more exposed Ozark sites, is low and 
could be advantageously increased. Except for this shortage of pine the 
species composition of the young stands, as well as the stocking, is favor-
able for the development of a valuable future forest. 
Sound wood other than growing stock.-The Missouri forest contains 
3.8 billion cubic feet of sound wood in the tops and limbs of hardwood saw-
[[I] SAW-TIMBER TREES 
II POLE-TIMBER TREES 
Figure 20.-Net cubic volume on commercial forest area by species group 
and tree-size class, 1947. 
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Figure 21.-Cubic volume of sound wood on commercial forest area by class 
of material, 1947. (Softwood saw-timber tops are included in saw-timber grow-
ing stock.) 
timber trees, in cull trees, and in trees of noncommercial species (Table 
18). This is in addition to the 4.4 billion cubic feet of growing stock 
(Fig. 21). Very little of this additional material can be sold under present 
marketing conditions. Although a small volume is used for products of 
low value such as fuelwood, the labor costs involved discourage its use. 
This volume of sound wood represents a potential source of wood fiber·25 
times the total volume taken during 1946 from the Missouri forest grow-
ing stock for all wood products. Although 86 percent of the gross cubic-
foot volume in all trees 5 inches d.b.h. and larger is sound wood, only 46 
percent of this gross volume can be sold under present utilization standards. 
Increased utilization of these low-quality woods could extend the supply 
of quality material" and improve the forest silviculturally. 
Timber Growth 
Growth calculations are based upon changes in diameter, height, and 
form of individual trees. Cottonwood, sycamore, and the red oaks have 
the fastest diameter growth of the major species in Missouri (Table 24). 
White oak, one of the most valuable species, grows relatively slowly. All 
pine in Missouri is shortleaf pine, the diameter growth of which is con-
siderably less than that of many hardwoods. However, because of better 
form and more rapid merchantable height growth, the volume growth of 
shortleaf pine exceeds that of any other native species. 
Net Volume Growth.-The net board-foot growth during 1946 amounted 
to 672 million board feet, 5.65 percent of the volume of saw timber grow-
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ing stock at the beginning of the year (Table 25). The net growth on 
the total growing stock was 186.5 million cubic feet, or 4.32 percent. 
Saw-timber ingrowth, the volume added annually to the saw-timber 
growing stock by the pole timber reaching saw-timber size, is an impor-
tant factor in the net growth of depleted stands such as those in Missouri. 
Because the Missouri stands consist largely of small young trees, the re-
cruited volume of trees reaching saw-timber size each year is greater than 
the volume added through growth on the trees making up the growing 
stock at the beginning of the year. About 56 percent of the net saw-timber 
growth in Missouri is attributable to ingrowth. 
fngrowth has proportionally less effect on the net growth of the total 
growing stock than in the case of saw timber. The volume in the small 
trees annually reaching minimum pole-timber size is considerably less 
than the volume of ingrowth into the saw-timber class. Furthermore, 
the total cubic-foot volume on which the ingrowth percentage is based in-
cludes not only the growth on the saw-timber growing stock, but that on 
the pole-timber growing stock as well. Cubic-foot ingrowth accounts for 
17 percent of the net growth on the total growing stock. 
Mortality losses, which are deducted from total growth to obtain net 
growth, include losses due to all natural causes such as fire, insects, disease, 
wind, drought, and tree competition. The average annual board-foot 
mortality amounts to 0.61 percent of the volume in saw-timber growing 
stock. Cubic-foot mortality equals 0.57 percent of the total growing stock. 
TABLE 1. - AVERAGE GROWTH PER ACRE OF SAW-TIMBER AND 
TOTAL GROWING STOCK BY PHYSIOGRAPHIC REGION, 1946 
Region 
Ozark 
Prairie 
Riverborder 
State 
Ozark 
Prairie 
Riverborder 
State 
GROWTH OF SAW-TIMBER GROWING STOCK 
Growth on jJ 
original stand Ingrowth Mortality Net growth 
- - - - - - - - - - - - - Board feet - - - - - - - - - - - - -
19.5 
33.4 
36.2 
24.4 
22.9 
28.0 
30.3 
25:0 
4.0 
6.0 
7.3 
4.8 
GROWTH OF TOTAL GROWING STOCK 
38.4 
55.4 
59.2 
44.6 
- - - - - - - - - - - - - Cubic feet - - - - - - - - - - - - -
10.2 1.7 1.5 10.4 
16.2 3.2 1.9 17.5 
15.8 2.5 2.3 16.0 
11.9 2.1 1.6 12.4 
~/ Growth on trees included in the growing stock at the beginning of the year. 
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Growth Per Acre.-The average volume of net growth per acre varies 
considerably among stands, depending upon factors such as site produc-
tivity, species composition, tree size, and especially stand volume. The 
saw-timber net growth averages 45 board feet per acre for the state and 
varies from 38 board feet per acre in the Ozark region to 59 in the Riverbor-
der region (Table 1). The net growth on the total growing stock averages 
12.4 cubic feet per acre, for the state and ranges from 10.4 cubic feet in 
the Ozarks to 17.5 in the Prairie region. Board-foot growth is very low 
mainly because of the small volume of growing stock in flaw-timber trees. 
It is lowest in the Ozark region primarily because this area supports the 
lowest average volume of growing stock per acre. It is conservatively 
estimated that the present volume of growth in Missouri could be tripled 
by the adoption of reasonably good management practices. Such a volume 
of growth would provide a sustained timber supply for a greatly expanded 
forest-products industry. 
FOREST-PRODUCTS INDUSTRIES 
The Missouri forest provides raw materials for a variety of products 
(Fig. 22). Missouri is one of the leading states in the production of rail-
road cross ties and tight cooperage stock. It leads all states in the pro-
duction of black walnut logs. More than 80 percent of all wood used goes 
into lumber (including sawn cross ties) and fuelwood, but other products 
are also important (Table 26). Much of the lumber is remanufactured 
into a very large number of secondary products. 
The forest-products industries are so numerous and varied that com-
plete enumeration of them is practically impossible. They are normally 
divided into two general groups: (1) primary forest-products industries, 
those producing the first marketable products from the forest such as saw-
mill,products hewn timbers, veneer, staves and heading, pulpwood, and 
miscellaneous logs and bolts; and (2) secondary forest-products industries, 
those processing the wood beyond the above stages. 
Primary Forest-Products Industries 
Approximately 2,800 primary forest-p:r;oducts plants in the state drew 
timber from the Missouri forests during 1946. An estimated 3.3 million 
man-days of woods labor, the equivalent of full time employment for 13,000 
men (Table 2), was required in Missouri during 1946 to harvest and trans-
port roughly 200 million cubic feet of logs, bolts, and billets valued at al-
most 42 million dollars (Table 3). An additional 1.2 million man-days, 
5,000 man-years was expended in the Missouri plants to process a portion 
. of these materials into rough lumber, rough staves, veneer, handles, and 
containers. The Forest Survey studies of Missouri's primary forest-prod-
ucts industries were conducted during 1946, a year of exceptionally high 
production. The above employment and value estimates for 1946 are there-
fore correspondingly high, and should be reduced about 20 percent to obtain 
rough estimates more representative of the annual averages for recent years. 
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TOTAL 
198 MILLION CU81C FEET 
Figure 22.-Production of primary forest products in Missouri by com-
modity, 1946. 
Lumber.-Logging camps were established early in the nineteenth 
century on the headwaters of the Gasconade River in the Ozarks. Logging 
activity reached its peak in Missouri about 1900, when three-quarters of 
a billion board feet of lumber was produced by 1,169 sawmills. Production 
dwindled to a low of 140 million board feet in 1932 and remained extremely 
lew through the depression years.2 Spurred by war-born shortages, high 
prices, and a seller's market, production increased greatly after 1941. Ac-
cording to a survey made by the Forest Service, U. S. Department of Ag-
riculture, in cooperation with the Civilian Production Administration and 
the U. S. Bureau of the Census, mone than one-half billion board feet of 
lumber was produced in 1946 by the sawmills in Missouri (Fig. 23). Of this 
volume 89 percent was of hardwood species. 
The 2,822 ~awmills in Missouri in 1946 were classified on the basis of 
2Henry B. Steer, Lumber Production in the United States 1799-1946, U. S. 
Dept. Agri. Misc. Publ. No. 669, 1948, p. 16. 
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TABLE 2. - EMPLOYMENT IN THE PRIMARY FOREST-PRODUCTS 
INDUSTRIES, 1946l/ 
Commodity 
Lumber 
Cooperage 
Handles 
Veneer 
Fence posts 
Hewn cross ties 
Fuelwood 
Mine timbers 
Miscellaneous ~ 
Total 
(In thousand 8-hour man-days) 
Total Woods Y 
1,567 686 
629 339 
46 20 
54 18 
333 333 
32 32 
1,745 1,745 
42 42 
49 40 
~ 4,497 3,255 
Plant ~ 
881 
290 
26 
36 
9 
1,242 
1./ Calculated by the authors through application of labor factors per unit 
of production to total production. 
?J Labor expended in harvesting and transporting all logs and bolts cut in 
the state. y Labor expended in Missouri plants in processing only the wood from the 
Missouri forest. 
4/ Pulpwood, piling, charcoal, excelsior,mattress wood, and smelter poles. 
"if Equivalent of full time employment (250 days per year) for 18,000 men. 
TABLE 3. - VOLUME AND VALUE OF PRIMARY FOREST PRODUCTS 
BY COMMODITY, 1946 
Materials produced 
Commodity Unit of I Value measure Quantity (dollars) Y 
Sawlogs M board feet 
(lumber tally) 527,814 13,195,400 
Cooperage bolts M board feet 
(Int'l) 96,736 7,738,900 
Handle bolts M board feet 
(Int'l) 8,474 296,600 
Veneer logs M board feet 
(Int'l) 9,191 643,400 
Fence posts M pieces 19,977 4,994,400 
Hewn cross ties M pieces 221 330,900 
Fuelwood M standard cords 1,342 13,424,500 
Mine timbers M cubic feet 3,360 840,000 
Miscellaneous Y M cubic feet 2,351 285,200 
Total 41,749,300 
Y Value of logs, bolts, or billets f.o.b. local delivery point. (Compiled by 
authors from various sources.) 
~I Piling, pulpwood, charcoal wood, excelsior bolts, mattress wood, and 
smelter poles. 
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Figure 23.-Location of active sawmills in Missouri, 1947. (Source: U. S. 
Bureau of the Census.) 
annual lumber production (Table 4). Idle mills totaled 229 or 8 percent 
of all mills. The group of operating mills producing less than 50,000 board 
feet annually included 873 sawmills, 31 percent of the total number in 
the state. Most mills in this group are small farm mills; are badly worn, 
poorly equipped, and are capable of producing only low-quality lumber, 
most of which is used locally. They operate but a few days each year and 
produce 8 percent of the state's lumber. 
The backbone of the lumber industry in Missouri is the 1,585 port-
able circular mills in the group producing from 50,000 to 499,000 board 
feet annually (Fig. 24). This group includes 56 percent of the mill pop-
ulation and produces 68 percent of the total lumb¢ cut. In general these 
mills iue underpowered and poorly equipped. Many are powered by old 
automobile engines; some utilize automotive power by ingenious arrange-
ments that permit instant use of the automobile for transportation as well. 
Most of the lumber they produce is used locally in rough form or sold to 
concentration yards for finishing and grading. Many are engaged in the 
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TABLE 4. - NUMBER OF SAWMILLS AND LUMBER PRODUCTION 
BY MILL-PRODUCTION CLASS, 1946 !I 
Mill-production class y Mills Production 
41 
Number Percent Thousand Percent 
bd. ft. 
Idle 229 8.1 
Active: 
1-49 873 30.9 41,928 8.1 
50-499 1,585 56.2 351,252 67.6 
500-999 90 3.2 59,003 11.4 
1000-4999 43 1.5) 
5000 plus 2 0.1) ~ 67,236~ 12.9 
Total active 2,593 91.9 519,419 100.0 
Total 2,822 100.0 519,419 100.0 
Y Source: U.S. Forest Service in cooperation with the Civilian Production 
Administration and the U. S. Bureau of the Census. Production total is 
5,572 M less than the previously published figure chiefly because of dif-
ferences in definitions of lumber. Comparable statistics for 1947 may 
be obtained from the Census of Manufactures, 1947, U.S. Dept. of Com-
merce, Bureau of the Census, Report MC24A, 1949. 
2/ Annual production in thousands of board feet lu.rnber tally. 
~ Production of mills in these classes combined to prevent disclosure of 
individual plant production. 
custom-sawing of house or barn "patterns" for local construction. Often 
they operate intermittently in order to use part time farm labor. Woods 
and mill work are often handled by a single crew alternating. between log-
ging and milling. Many of the mills are moved frequently to eliminate 
long truck hauls. Logs are frequently skidded directly to the mills locat-
ed in or adjacent to the woods. Some mills engaged primarily in custom-
sawing are permanently located on the operator's land. In most cases the 
customer delivers the logs and hauls off the rough lumber. 
The 90 mills in the class cutting from 72 to 1 million board feet of 
lumber annually make up 3 percent of the total number and produce 11 
percent of the state's lumber production. Most of these mills operate 
throughout the year. The smaller mills in this class operate in much the 
same manner as those described in the preceding paragraph. The larger 
ones are generally well equipped and efficiently operated. They move less 
frequently and are well set up. Logs are hauled to the mill by truck, and 
many are purchased on the mill-site from the local timber owners. 
The two remaining size classes include 1.6 percent of the total number 
of mills in the state. The production of 43 mills cutting from 1 to 5 million 
board feet annually combined with the production of two mills cutting more 
than 5 million board feet amounted to 13 percent of the lumber produced. 
Most of these mills are in the southeal:ltern part of the state. For the most 
part they are permanently located, and their output is usually well manu-
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Figure 24.~Approximately three-fourths of the lumber produced in Mis-
souri is cut by small portable mills. 
fadured, dried, and graded. They depend primarily on truck haul; a few 
receive log shipments by rail, and some located on the Mississippi River 
transport a large portion of their logs by water. 
Practically all timber processed by the Missouri sawmills comes from 
forests within the state. The value of the sawlogs consumed by the Mis-
souri mills in 1946 totaled 13 million dollars, f.o.b. the mill. On the basis 
of the OP A ceiling price for rough mill-run lumber, the lumber produced 
was valued at 18.5 million dollars f.o.b. the mill. Although a considerable 
portion of the lumber was consumed locally in this form, further finishing 
and grading of the remainder added substantially to the final value of the 
total lumber output. About 1.5 million man-days, full time employment 
for 6,200 men, were required to produce this rough lumber. 
No recent information is available on the distribution of lumber pro-
duced in Missouri. However, according to a study made cooperatively by 
the U. S. Forest Service and the U. S. Bureau of the Census only 12 per-
cent of the lumber produced in Missouri in 1943 was exported, most of 
which was shipped to Illinois and Indiana. More than 762 million board 
feet of lumber was consumed in Missouri during 1943, only 34 percent of 
which was produced within the state. The Missouri mills produced 72 
percent of the hardwood lumber and 7 percent of the softwood lumber re-
quired by the state during that year. The bulk of the imported lumber 
consisted of softwood construction materials imported from Arkansas, Louis-
iana, Mississippi, Alabama, and from the West Coast (Fig. 25). 
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Figure 25.-Source of lumber consumed in Missouri, 1943. 
Fuelwood.-More wood is used each year for fuel than for any other 
purpose .• However, since a large volume of fuel wood is produced from 
dead trees, from trees of noncommercial species, from saw-timber tops, and 
from materials salvaged from cutting operations for other commodities, 
only 41 percent of the total production is a drain on the forest growing 
stock. Although fuelwood represents 42 percent of the total production 
volume of all items it makes up only 23 percent of all drain. 
Approximately 1.3 million cords of fuelwood were produced in Missouri 
during 1946, 95 percent of which came from farm-owned lands. Approxi-
mately one-third of the total volume was produced from red oaks, one-third 
from white oaks and the post-oak group, and the remaining third from 
all other species combined. Following is a breakdown of the total volume 
by source of material: 
Total 1946 fuelwood production ............ . 
From non forest land .................. . 
From commercial forest land .......... . 
Noncommercial species ............ . 
Commercial species ................ . 
Dead trees .................... . 
By-products .................. . 
Live trees .................... . 
Saw-timber trees .......... . 
Pole-timber trees .......... . 
Saplings ................. . 
Standard 
cords 
1,342,447 
66,782 
1,275,665 
113,534 
1,162,131 
161,536 
383,503 
617,092 
146,251 
396,790 
74,051 
Percent of total 
production 
100.0 
5.0 
95.0 
8.5 
86.5 
12.0 
28.5 
46.0 
10.9. 
29.6 
5.5 
44 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Figure 26.-Missouri is a leader in the production of tight cooperage stock. 
Most fuelwood was produced by farmers for home consumption at no 
cost other than the labor expended. Based on 1946 prices the value of 
this fuelwood is estimated at more than 13 million dollars. Approximately 
1.7 million man-days of labor .were expended in fuelwood production, the 
equivalent of full time employment for 7,000 men. 
Cooperage Stock.-Rough staves and heading Were produced by 85 
Missouri mills during 1946. Approximately 97 million board feet of tight 
and slack cooperage bolts, valued at almost 8 million dollars, were harvested 
from the Missouri forests during that year. An estimated 629,000 man-
days, full time employment for 2,500 men, was required to convert the 
standing timber into rough staves and heading. 
The tight stave mills were extremely active during 1946 (Fig. 26). 
The postwar expansion in distilling operations greatly increased the de-
mand for tight cooperage. Many distilleries acquired tight-cooperage 
plants to assure an adequate barrel supply. Most of the 80 tight stave 
&nd heading mills operating in Missouri in 1946 were either owned and 
operated by the distilleries, or had their entire production contracted for. 
These mills consumed over 84 million board feet of high-quality Missouri 
saw timber, practically all of which was white oak. Tight stave and head-
ing production continued at a rapid pace until the summer of 1947, when 
the demand fell off and the rate of production dropped to about one-third 
of the 1946 level. 
Slack staves and heading were produced by 5 plants, all located in 
the southeastern part of the state. These plants consumed almost 13 
million board feet of Missouri hardwood timber, chiefly cotton wood, ~lm, 
RESEARCH BULLETIN 452 45 
gum, maple, and ash. Numerous cooperage plants in other parts of the 
state, primarily in St. Louis, further process these materials, but are not 
considered primary forest-products industries. 
Fence Posts.-A tremendous number of fence posts is needed annually 
to maintain the thousands of miles of fence in the state. Almost 20 
million fence posts were produced in Missouri during 1946, almost double 
the number that are produced during a normal year. The men returning 
from the armed services provided sufficient labor to rebuild the fences that 
were badly neglected during the war years. These 20 million posts were 
valued at 5 million dollars f.o.b. local delivery point. Farmers produced 
97 percent of this total from farm woo!ilands. A species breakdown of a 
sample of 58,000 posts indicated that 21 percent of all posts produced were 
osage-orange, 55 percent white oak, 20 percent redcedar, and 4 percent 
other species. Following is a breakdown of the total production by source 
of material: 
Thousand 
posts 
Percent of total 
production 
Total 1946 fence post production ............... 19,977 100.0 
From nonforest land ...................... 4,653 23.3 
From commercial forest land .............. 15,324 76.7 
Dead trees ........................... 69 0.4 
By-products .......................... 344 1.7 
Live trees ....................... . . . .. 14,911 74.6 
Saw-timber trees. . . . . . . . .. . . . . . . . . 7,557 37.8 
Pole-timber trees ................. 6,977 34.9 
Saplings ......................... 377 1.9 
Approximately 333,000 man days of labor were expended on post produc-
tion, which provided the equivalent of full-time employment for 1,300 men. 
During 1946 an estimated 2.5 million cedar posts were shipped north 
from the White and James River watersheds in Barry, Stone, Taney, and 
Ozark Counties. Truckers from the Corn Belt deliver corn to this cedar 
area and haul posts on the return trip. The bulk of the cedar posts pro-
duced in this area are exported; the local people prefer white oak for their 
own use. With improved fire protection the cedar is spreading rapidly, 
and although heavily cut-over will continue to provide an important source 
of revenue. 
Mine Timbers.-Approximately 3.4 million cubic feet of round mine 
timbers and mine ties was produced in 1946, which comprised about 2 
percent of the volume of all items produced. This production was valued 
at $840,000 f.o.b. the local shipping point. It provided 42,000 man-days 
of labor, full-time employment for 170 men. Most of the mine timbers 
and mine ties produced in Missouri were used in the deep-shaft coal mines 
of southern Illinois. A small volume was used by the few shaft coal mines 
in Missouri and by mines producing other minerals in Missouri and the 
surrounding states. About two-thirds of this material was shipped by rail, 
and the remainder was hauled direct to the coal mines by contract truckers. 
About 90 percent of the mine timbers was produced from red and white 
oaks and the remainder from other hardwoods, primarily hickory. 
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Handles.-Handle bolts from the Missouri forest accounted for less 
than 1 percent of the volume of all commodities produced, totaled about 
8.5 million board feet, and had a value of about $297,000. The 19 handle 
plants in the state consumed a total of 13 million board feet of bolts. The 
additional 4.5 million board feet was imported from Arkansas and Louisiana. 
Approximately 20,000 man-days of woods labor was required for harvest-
ing, and 26,000 man-days of plant labor for processing the handle bolts taken 
from the Missouri forest. A species breakdown of the Missouri timber 
consumed by these plants showed that 73 percent of the volume consumed 
was hickory, 17 percent ash, 7 percent oaks, and 3 per cent other hardwoods. 
Veneer.-The Missouri forests supplied more than 9 million board 
feet of veneer logs and bolts during 1946. Of this total, 4 million board 
feet was used for the production of rotary-cut container veneer. The 
remaining 5 million board feet went into high-quality face-cut veneer, 
used mainly in furniture manufacture. The aggregate value of all veneer 
logs and bolts produced in Missouri during 1946 was approximately $643,000 
f.o.b. shipping point. Approximately 18,000 man-days of woods labor were 
required to harvest this material. 
The five container veneer plants in the state that drew materials from 
the state's forests consumed 3.5 million board feet of Missouri timber. 
Three additional plants used no Missouri timber. More than 600,000 
board feet was exported to the surrounding states. The five Missouri 
container-veneer plants provided 28,000 man-days of labor in converting 
the logs into the finished products. About 82 percent of the timber con-
sumed was cottonwood; the remainder was elm, maple, sycamore, and 
other hardwoods. 
Only one plant in Missouri actually produced finished face veneer in 
1946. However, a number of other face-veneer plants in the surrounding 
states drew logs from the Missouri forests. At lease eight large companies 
maintain yards in the state, buying and shipping logs to the home plants. 
Many small specialty mills that use walnut logs for gun stocks, furniture 
stock, and lumber sell to veneer mills the logs they receive that meet veneer 
specifications. Most face-veneer logs are black walnut, although a few 
white and bur oak logs are also cut. The volume of Missouri timber consumed 
by all face-veneer plants drawing logs from the state during 1946 totaled 
5 million board feet. 
Hewn Cross Ties.-During 1946 more than 3 million hardwood cross 
ties were produced in Missouri (Fig. 27). Most of these (93 percent) were 
sawn and were classed as lumber. The 221,000 hewn ties produced in 1946 
were valued at $331,000 f.o.b. concentration point. "Tie hacking" is practi-
cally an occupation of the past. During the depression days more than 
one-half the ties produced in Missouri were hewn. Today, because of 
the value of the side lumber that can be salvaged from sawn ties but not 
from hewn, and because of the opportunity for other more profitable em-
ployment,. only a few "hackers" can be found. These operate deep in the 
Ozark hills, and even they do not devote full time to tie production. About 
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Figure 27.-Missouri produced more than 3 million railroad cross ties during 
1946, approximately 7 percent of which were hewn. 
32,000 man-days were expended in tie hacking during 1946, the equivalent 
of full-time employment for 125 men. 
Miscellaneous Products.-The volume of material cut for poles and 
piling is negligible. No poles were produced during 1946 other than the 
few occasionally cut by farmers for home use. The Rural Electrification 
Administration uses a large number of poles, all of which are imported from 
the southern states. The 1,200 piles produced in Missouri during 1946. 
contained only 91,000 board feet. Less than 250 man-days of labor was 
required for their production. All piling used by the U. S. Army Engineers 
for installatIons on the Missouri and Mississippi Rivers was imported. 
Very little pulpwood was produced in Missouri during 1946, and this 
was shipped to plants in the surrounding states. At least 20 paper and 
felt mills are located in the Central States region, but very few secured 
wood in Missouri. The entire 1946 production of pulpwood totaled only 
7,430 cords and was valued at $60,000 f.o.b. roadside. Approximately 
50 percent of this production was cottonwood, 33 percent pine, and 17 per-
CEnt willow. Pulpwood production required approximately 10,000 man-
days of woods labor. 
Small volumes of timber were used for several other minor products. 
In the past, large quantities of willow saplings and pole timber were used 
in the mattresses woven for river-control work. At the present time con-
crete mats are used almost exclusively. TheU. S. Army Engineers used 
18,000 standard cords of mattress wood during 1946. Three charcoal and 
two excelsior plants consumed 9,120 cords of Missouri timber. Approxi-
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mately 10,000 smelter poles containing 40,000 cubic feet of material were 
harvested. Smelter pole\,! are added to the molten steel in open hearth 
smelting. The volume of Missouri logs and bolts used for mattress wood, 
charcoal, excelsior, and smelter poles during 1946 totaled 1.9 million cubic 
feet was valued at $223,000, and required 30,000 man-days of labor to 
produce. 
Secondary Forest-Products Industries 
The secondary forest-products industries remanufacture wood beyond 
the cutting of timber into primary products such as lumber, bolts, flitches, 
and dimension stock. Furthermore, the wood in the products of these 
secondary industries must retain its natural form. These industries, there-
fore, do not include those in the field of chemical wood conversion that manu-
facture products such as pulp, paper, rayon, plastics, and chemical deriva-
tives. Nor do they include the large number of establishments engaged in 
building construction. 
The 1947 Census of Manufactures, conducted by the U. S. Bureau of 
the Census, is the most recent intensive survey of the wood-remanufacturing 
industries in Missouri. The 1947 Census figures for the number of estab-
lishments and employees may differ from those published by other agencies 
in past years, primarily because of differences in definitions of manufactur-
ing establishments, in industry groupings, and in the minimum size limits 
set for the inclusion of establishments. 
The 1947 Census of Manufactures lists 336 Missouri establishments 
engaged in the remanufacture of wood. The value added through manu-
facture to goods produced in these plants during 1947 amounted to approxi-
mately 44 million dollars. The average number of employees in these 
plants totaled almost 12,000, and the combined salaries and wages of these 
employees during 1947 exceeded 27 million dollars. The following tabu-
lation shows a breakdown of the 1947 Census data by major industry 
groups. 
Number of 
Number employees Salaries Value added 
of (average and through 
Industry groups establishments for year) Wa~es manufacture 
;...-.:;,.;,;.:..:..:...'-"'.:....:;..::.='-----...;;;;;..;.:.:.====---'=-"-'=-'-------:T=housands of dollars 
Millwork and related products .. 61 
Wooden containers . . . . . . . . . . . .. 32 
Miscellaneous wood products ... 61 
Household furniture ........... 83 
Office furniture ............... 9 
Partitions and fixtures ........ 44 
Screens, shades, and blinds .... 28 
Miscellaneous furniture ........ 318 
Totals ................ 336 
1,646 
1,365 
1,232 
4,179 
296 
1,191 
747 
1,102 
11,758 
4,026 7,045 
2,983 4,155 
2,566 4,691 
9,383 14,166 
608 1,375 
3,549 4,598 
1,535 3,126 
2,732 4,775 
27,382 43,931 
3Public-building furniture (3); professional furniture (4); and restaurant 
furniture (11). 
St. Louis is the largest wood-remanufacturing center in the state. 
Other concentrations of secondary forest-products industries are in Kansas 
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City, St. Joseph, Springfield, and Joplin. Important wood-remanufacturing 
plants are also located in many of the smaller towns throughout the east-
ern and southern sections of the state. 
Cutting Drain on the Forest Growing Stock 
Cutting drain includes the volume removed from the Missouri forest 
growing stock for forest-product production in other states as well as in 
Missouri. It includes both the materials utilized and the volume destroyed 
or wasted in harvesting and processing. Drain also differs from production 
in that it does not include the volume of nongrowing-stock material con-
sumed, such as dead trees, noncommercial species, and wood salvaged from 
other operations. 
The 1946 cutting drain on the Missouri saw-timber growing stock 
totaled 668.2 million board feet (Fig. 28). Approximately 72 percent of 
this volume was cut for lumber (Table 27). Cooperage production account-
ed for 15 percent and fuelwood production for 5 percent. The remaining 
8 percent of saw-timber drain was distributed among several minor pro-
ducts. Only 9 percent was from softwoods, most of which went into lum-
ber. 
The cutting drain on the total growing stock in 1946 was 150 million 
cubic feet, of which 92 percent was on hardwood species (Table 28). Lum-
ber production accounted for 55 percent of the drain on the total growing 
TOTAL 
668 MILLION BOARD FEET 
Figure 28.-Cutting drain on the saw-timber growing stock by commodity, 1946. 
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TOTAL 
150 MILLION CUBIC FEET 
Figure 29.-Cutting drain on the total growing stock by commodity, 1946. 
stock, fuelwood for 23 percent, cooperage for 10 percent, and all other 
products for 12 percent (Fig. 29). Approximately three-fourths of the 
total cutting drain was on saw-timber trees. 
Cutting drain was determined for the state as a unit, and the avail-
able data will not permit an accurate breakdown by regions. A rough es-
timate of total cutting drain by regions indicates that 60 percent of all 
drain in 1946 was on the forests of the Ozark region. (The eastern Ozarks 
alone accounted for approximately 35 percent.) The Prairie and River-
border regions each accounted for approximately 20 percent of total drain. 
TRENDS IN TIMBER VOLUME AND STAND COMPOSITION 
Since comparable estimates of the timber resources of Missouri are 
not available for previous years, net growth and cutting drain have been 
compared to provide a measure of the over-all effect of wood utilization on 
the forest growing stock of Missouri. To gain the greatest possible revenue 
from forest lands the growth and drain should balance at as high a level 
as practicable, considering site limitations and optimum land use. Most 
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of the wooded areas in Missouri are best suited for growing forests. The 
returns from these areas at present are unsatisfactory, chiefly because of 
understocking. The aggregate volume of all forest products consumed an-
nually in Missouri is estimated to be well over a billion board feet, approxi-
mately one-half of which is now being imported. Missouri's forest lands 
are capable of producing a sustained supply of forest products exceeding 
the state's present needs, although some exchange of hardwood products 
for softwood products will probably always be necessary. The maximum 
volume of sustained production attainable depends largely upon the volume 
of growing stock maintained on the fprest area. The volume of growing 
stock must be increased if an appreciably greater volume of growth is to 
be realized. The volume of growing stock can increase only when the net 
growth exceeds the drain. 
A comparison of net growth and cutting drain in Missouri during 1946 
cannot be regarded as a reliable index of growing stock trends. The loss in 
inventory volume during a single year or possibly even several consecu-
tive years of high production, during which drain exceeds net growth, can 
be counterbalanced by a period of surplus growth. The volume of forest 
products produced in Missouri during 1946, and therefore the volume of 
cutting drain, exceeded that of any other year during the past three decades. 
Spurred by war-born shortages, high prices, a seller's market, and improved 
labor and equipment supplies, lumber production during 1946 reached a 
peak. Upon removal of the restrictions that limited whiskey manufacture 
during the war, tight cooperage production increased sUbstantially in 1946. 
Improved labor conditions, and the need for posts to rebuild the fences 
that were badly neglected dUring the war years, resulted in exceptionally 
high post production. Accordingly, the following growth-drain compar-
isons are based on an estimated average annual drain over a period of sev-
eral years rather than on the 1946 peak. 4 Since the annual rates of growth 
and mortality remain relatively constant from one year to the next, the 
1946 volumes of growth and mortality are accepted as estimates of the cur-
rent annual averages. • 
Saw-Timber Growing Stock 
Present Growth-drain Balance.-The volume of saw-timber growing 
stock in Missouri is slowly increasing. The volume of net growth exceeds 
the volume of cutting drain on the saw-timber growing stock by 212 million 
board feet annually (Table 5). This volume of surplus growth increases 
the volume of saw-timber growing stock about 1.8 percent each year. 
Several factors must be considered in interpreting the significance 
of this balance. Although a favorable growth-drain balance does exist at 
the present time, the volume of growth is exceedingly low, probably less 
than one-third of the land's capabilities. At present the annual saw-timber 
growth in Missouri averages only 45 board feet per acre, primarily because 
of the very low volume of growing stock. It is true that one primary aim 
4For detailed procedure, see the Appendix, page 71. 
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in forest management is to balance growth and drain, but at a tevel provid-
ing maximum returns from the land. To reach this goal in Missouri, the 
volume of growing stock must be built up. The Missouri forest lands could 
probably support five times the present volume of saw timber. At the 
present rate of increase-212 million board feet per year-roughly 225 
years would be required to reach this goal. Almost 60 years would be re-
quired merely to double the present stand of 789 board feet per acre. 
Another factor must be considered; the over-all growth-drain balance 
does not indicate changes in quality nor in the species and tree-size com-
position of the stand. Under prevailing cutting practices in Missouri the 
cutting drain is concentrated on the larger trees and on the more desirable 
species, whereas growth is distributed over trees of all sizes, species, and 
quality-inclUding the less desirable ones. As a result, serious stand de-
terioration often occurs despite a favorable growth-drain balance. 'l'he 
drain on softwood saw timber is greater in proportion to the softwood 
stand than is the case in hardwoods. The general concensus of forest 
technicians familiar with Missouri conditions is that the proportion of 
pine in many stands should be greatly increased. A much greater volume 
of pine could be grown within the state on forest lands that can produce 
good pine but not good hardwoods. Thousands of acres of the drier, more 
exposed Ozark sites, most of which now support stands consisting primarily 
of low-quality hardwoods, could produce a far greater return that at present 
if the proportion of pine were increased. The present softwood saw-timber 
surplus of 6 million board feet per year has practically no effect toward 
accomplishing this end; at the present rate, more than 120 years would be 
required to double the softwood saw-timber volume. 
The over-all growth-drain balance for the state does not hold true 
for all regions. The cutting intensity varies locally, and serious over-
cutting occurs in some areas. The heaviest cutting takes place in the east-
ern Ozarks where stands containing 26 percent of all saw timber in the 
state provide roughly 35 percent of all saw-timber products cut. Today 
73 percent of the land in "this area is forested with stands which average 
less than 700 board feet per acre. In this part of the state, and to a lesser 
extent in other Ozark areas, a large part of the local population depends 
upon the forest for employment. Here in the Ozark region, where the 
cutting drain is heaviest and the timber stands most severly depleted, the 
forest resource exerts the greatest influence on the local economy. In 
this region, especially, the growth-drain balance must be greatly improved 
if the volume of growing stock is to be restored to a satisfactory level 
within a reasonable period of time. 
Past Growth-drain Balance.-The current cutting drain is not a 
measure of past cutting drain. The volume of annual cutting drain in Mis-
souri was undoubtedly less during the depression years, and for the past 30 
years probably averaged between 10 and 20 percent less than at present. 
This, however, does not mean that the average growth-drain balance for that 
period was any more favorable. The 30-year average annual growth was 
also considerably less than at present. Saw-timber ingrowth, the volume 
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TABLE 5. - CURRENT ANNUAL CHANGE IN VOLUME OF GROWING 
STOCK BY SPECIES GROUP }) 
SAW-TIMBER GROWING STOCK 
Item Total Softwood Hardwood 
- - - - - Million board feet -
Growth on original stand Y 369 39 330 
Ingrowth 376 16 360 
Total growth 745 55 690 
Mortality 73 11 62 
Net growth 672 44 628 
Cutting drain 460 38 422 
Current annual change + 212 + 6 + 206 
TOT AL GROWING STOCK 
- - - - - Million cubic feet - -
Growth on original stand '!:.! 180.1 12.3 167.8 
Ingrowth 31.2 2.5 28.7 
Total growth 211.3 14.8 196.5 
Mortality 24.8 3.3 21.5 
Net growth 186.5 11.5 175.0 
Cutting drain 113.0 7.4 105.6 
Current annual change + 73.5 + 4.1 + 69.4 
Y Growth and mortality volumes are for 1946; cutting drain is based on 
estimated average annual production of forest products during several 
recent years (for detailed procedure, see the Appendix. 
'!J Growth on trees included in the growing stock at the beginning of the year. 
in young trees reaching saw-timber size during each year, makes up 56 per-
cent of the saw-timber net growth (Table 5). Until recently the annual 
volume of ingrowth was much smaller than at present. Ingrowth is larger 
now chiefly because heavy logging at the turn of the century released under-
~tory trees that are now reaching saw-timber size. Furthermore, mortal-
ity was greater a decade or two ago, further reducing the volume of net 
growth. Until recently little effort was made to control the fires that repeat-
edly burned the forest area. No accurate data on the growth-drain balance 
for past years can be presented, but it is believed that prior to the depres-
sion years the annual balance for saw timber was much less favorable than 
at present. 
Future Growth-drain Balance.-Looking ahead, the high war and 
postwar demands on the Missouri forest have already eased somewhat, 
and in the immediate future the cutting drain will probably remain at a 
level no higher than the present. The annual net growth will probably con-
tinue at the present level or higher largely because of the volume of in-
growth from the younger stands, which now occupy 86 percent of the 
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forest area, and because of improved fire control and forest management. 
Although the present surplus volume is small, growth does exceed the drain. 
A favorable growth-drain balance can be maintained without a serious 
reduction in the present cut, providing the young stands are given adequate 
care and protection. With reasonably good management, the volume of 
growing stock can be increased, the proportion of larger trees of favored 
species can gradually be built up, and eventually the forest lands can be 
made to provide far greater benefits than at present. 
Total Growing Stock 
The volume of total growing stock, saw timber and pole timber com-
bined, is increasing 1.7 percent annually, a rate approximately the same as 
that for saw timber. The volume of net growth on the total growing stock 
exceeds that of cutting drain each year by 73.5 million cubic feet (Table 5). 
This volume of surplus growth consists of 69.4 million cubic feet of hard-
woods and 4.1 million of softwoods. 
The annual increase in the total growing stock of softwoods, 1.4 per-
cent, is proportionally less than that of hardwoods, 1.7 percent. However, 
the growth-drain balance for the total softwood growing stock is consid-
erably better than that for softwood saw timber. At the present rates of 
increase, the volume of total softwood growing stock can be doubled in about 
70 years while more than 120 years will be needed to double the softwood 
saw-timber stand. 
As in the case of saw timber, the growth-drain balance for the total 
growing stock varies among regions and localities with serious overcutting 
in some areas. The quality of the total stand is deteriorating because the 
cutting is concentrated on the larger and better timber. Although growth 
doeS exceed the drain, the benefits from the forest area are far less than 
can be obtained from it. The annual volume of growth on the total grow-
ing stock averages only 12.4 cubic feet per acre, primarily because of under-
stocking. The volume of growing stock must be built up if the returns 
from this land are to be appreciably increased. Widespread adoption of 
good forest management practices can greatly increase the volume of grow-
ing stock, the volume of growth, and ultimately the benefits to be derived 
from Missouri's forest lands. 
MULTIPLE USE OF FOREST LANDS 
The forest lands can benefit the state most if they contribute to water-
shed protection, recreation, wildlife propagation, and grazing as well as 
to timber production. Effective multiple use of this kind involves the cor-
relation of various uses to secure the greatest over-all benefit from the 
forest area. For example, the recreational value of a timber stand along 
a lake shore may be far greater than the value of the timber it can produce. 
On the other hand, timber can be cut from some areas managed primarily 
for recreational use. Under some conditions grazing and timber production 
are compatible; under others they conflict. The influence of forests on 
streamflow, water supplies, and erosion is an important factor in the man-
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agement of many forest areas. To manage a forest property for maximum 
returns, all kinds of uses must be considered and correlated. 
Watershed Protection 
The ground surface under much of the original Missouri forest was 
rich in humus and was well protected. by a thick layer of leaf litter. The 
soil was granular and spongy and had high infiltration and water-holding 
capacities. Soil moisture conditions were generally favorable for earthworms 
and burrowing insects which further improved the porosity of the soil. 
The ability of these soils to absorb water reduced the surface flow which 
in turn reduced erosion and stream sedimentation, increased the recharge 
rate of the ground water supply, and stabilized the flow of the streams. 
Today the soil of much of the Missouri woodlands is compact and hard, 
and the humus layer is absent or very thin. Overcutting, overgrazing, and 
repeated burning have exposed the forest floor to weathering. Destructive 
sheet erosion has stripped the top soil from many areas. On the steeper 
slopes, especially, soilS have deteriorated until they are now composed chiefly 
of stoney rubble containing little or no organic matter. High surface run-off 
carries soil particles and organic matter from the land to the streams. This 
further reduces the fertility of the land and results in sedimentation in 
stream bottoms and storage reservoirs, which increases the severity of sub-
sequent floods. 
The solution of Missouri's streamflow, flood, and erosion problems 
depends on proper management of all lands. More effective watershed 
·protection can be gained on forest lands through improved grazing, cutting, 
and logging practices, intensified fire control, and increased planting. Only 
through improved management can the 15 million acres now in forest be 
made to contribute maximum watershed benefits: 
Recreation and Wildlife 
Many Missouri forest areas can provide recreational facilities without 
seriously interfering with commercial timber production. A successful 
recreational program, from a strictly commercial viewpoint, depends largely 
upon the variety and beauty of the natural scenery that can be offered the 
tourists seeking out-of-door entertainment. Two principal elements are 
demanded by most recreationists, woods and water. Missouri, on the edge 
of the dry treeless prairies, is in a favorable position to draw tourists from 
the surrounding areas that cannot provide such attractions. 
Missouri has many springs, some of which rank among the largest 
in the world. The Ozark region has over 10,000, almost 100 of which have 
a daily output of over one million gallons each. The largest, Big Spring in 
Carter County, has a 19-year average daily flow exceeding one-quarter of a 
billion gallons. These springs, ·set in their scenic wooded surroundings, are 
of value mainly for recreational purposes. Many of the larger springs have 
been included in state parks. 
Fishing is a popular sport especially in the Ozark hills with their 
spring-fed streams and large impounded lakes. Here one may hire a guide 
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Figure 30.-The cash receipts for hunting and fishing permits have increased 
from 0.3 million dollars in 1937 to more than 1.4 million dollars in 1947. (G. 
Massie, Missouri Resources Division.) 
and equipment for a unique "float trip" down one of the many clear streams 
that flow through the wooded hills (Fig. 30). Several large lakes developed 
primarily as flood control or hydroelectric reservoirs offer great recreational 
opportunities. For example, the Lake of the Ozarks, . a hydroelectric devel-
opment on the Osage River, covers 65,000 acres. It is 130 miles long and 
provides 1,372 miles of shore line. Throughout the state the acreage of 
impounded waters is being constantly expanded by the ever-increasing num-
ber of small lakes and farm ponds, many of which are stocked with fish. 
The populations of most wildlife species in the state have increased 
substantially during the past decade. These increases are chiefly due to bet-
ter management, more efficient law enforcement, and improved habitat. 
Three major small-game species are found well distributed throughout the 
state. They provide the hunters with an annual bag of approximately 6 
million cotton-tail rabbits, 2 million squirrels, and 2 million bobwhite quail. 
Ducks and geese pass through the state on their annual migrations over the 
Mississippi and Missouri flight routes. Many local hunters and their hounds 
still enjoy the traditional night hunts for fox and raccoon. The 1946 kill 
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included more than 77,000 raccoons and 21,000 foxes. The estimated annual 
harvest of all fur-bearers in Missouri has increased from 471,000 to 733,-
000 in the past 12 years. There is no open season on the few pheasants or 
wild turkeys found in the state. Numerous forest sanctuaries have been es-
tablished in an effort to increase the wild turkey population, which numbers 
about 4,000 at the present time. Efforts being made to restore the Ozark 
deer herd are meeting with considerable success. The estimated deer pop-
ulation has already been built up from a few thousand in the 1930s to 
22,000· in the spring of 1947. 
Recreation is definitely an important form of forest land use. It 
can contribute handsomely to the state both in cash income and in the less 
tangible benefits it provides for the welfare of the people. In some states 
such as California, Florida, and the northern Lake States recreation is 
considered one of the leading industries. The present value of this industry 
in Missouri in terms of dollars and cents can only be roughly estimated. 
Records of the Missouri Conservation Commission show that the cash 
receipts for hunting and fishing permits have increased from about 0.3 mil-
lion dollars in 1937 to more than 1.4 million dollars in 1947. Tourists spent 
over 137 million dollars in Missouri in 1938 according to an estimate of 
the American Automobile Association. A conservative estimate recently 
made by state officials, based on sales tax receipts discounted for local trade, 
indicated that tourists spent about 150 to 200 million dollars in the state 
in 1946. The recreation industry is certainly worth developing. 
Forest restoration, wildlife propagation, and recreational development 
are closely allied. As the forests are improved and restored under more in-
, tensive management, recreational values will increase and contribute even 
more to the economic welfare of the state. 
Woodland Grazing 
In the past the Missouri woodlands have been freely grazed and no 
doubt woodland grazing will continue. Almost three-fourths of the 7 
million acres of farm woodlands are grazed and much of the nonfarm forest 
land is also grazed to some extent. Especially in the heavily wooded Ozark 
region, many farmers supplement the income from their marginal farms by 
running livestock on forest lands other than their own. In this region 
livestock production provides a substantial part of the total farm income de-
spite the fact that 61 percent of the area is forested. 
Woodland grazing is an extremely controversial subject. Many of 
the problems involved are still unsolved. The following discussion presents 
the views of local, federal, and state grazing specialists regarding the broader 
aspects of woodland grazing. The grazing situation in the fenced woodlands, 
which occur largely in the Prairie region, is different from that on the un-
fenced forest range of the Ozarks. Each will therefore be considered sep-
arately. 
Fenced Woodlands.-Grazing damage to woodlands is greatest where 
the livestock are confined by fences. Forest Survey studies of grazing inten-
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sity indicated that only 4 percent of the forest land in the relatively unfenced 
Eastern Ozark area was grazed to a degree that, if continued, would event-
ually eliminate the forest cover. A comparable figure for the Prairie region, 
w here most of the woodlands are fenced, is 30 percent. A large part of 
this area is being deliberately overgrazed, burned, and cut to convert the 
woodland to pasture. If present practices were to continue, approximately 
20 percent of the forest area in Missouri would eventually be converted 
to pasture. However this trend toward land clearing will probably reverse. 
if the value of beef declines appreciably. 
As generally practiced in the' fenced farm woods at the present time, 
grazing is imcompatible with timber production. Moderate grazing and 
other phases of proper management of fenced farm woods might permit 
correlation of grazing with timber production. On a long-time basis the 
economic justification of grazing, even though well managed, is question-
able in those farm woods held primarily for timber production. The losses 
in timber values resulting from overgrazing fenced farm woodlands' often 
exceed any financial gains obtained from the forage. Studies in Ohio, In-
diana, and elsewhere in the Central States have shown that woodland forage 
is normally inferior to that on cleared pastures both in quantity and in nu-
tritional value. In fenced woodlands overgrazing results in (1) the de-
struction of tree reproduction, (2) decreased growth on the surviving 
trees, (3) exposure and injury to tree roots, (4) compaction of the soil, 
and (5) the destruction of litter and humus (Fig. 31). 
The high prices for farm produce in recent years has caused the clear-
ing of many forest areas that normally would be submarginal for culti-
vation or pasture. In agricultural areas especially, this trend is definitely 
unfavorable to timber production. When the food supply again exceeds the 
demand, as it may do very shortly, large areas now under cultivation will 
probably revert to pasture and thus reduce the need for the forage now 
being gleaned from the farm woodlands. An increase in the area of pas-
ture, or measures taken to improve existing pasture by seeding and fertiliz-
ing, can largely eliminate the necessity for grazing many farm woods. 
Future studies may provide detailed information on seasonal use, carry-
ing capacities, and other grazing practices that will make dual use of farm 
woods more profitable than single use. Until then each farmer should de-
cide on the most profitable use of his land. If timber production is desired, 
the livestock should be excluded. If the need for additional forage is great-
er than for forest products, the farm woods should be opened up and con-
vel·ted to pasture. In all cases erosion must be considered. Badly eroded 
areas and slopes too steep to be held in place by other types of vegetation 
should be restored to and kept under forest cover and be protected from 
livestock. 
Unfenced Woodlands.-Missouri, like many southern states, permits 
unrestricted grazing on the unfenced lands or open range in all areas except 
those where local stock laws prohibit such use. The area of legally open 
range in Missouri is decreasing. In 1935 about 170 townships in the south-
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Figure 31.-Heavy grazing in fenced woodlands eliminates the tree reproduction. 
ern Ozarks contained approximately 6.2 million acres of open range as com-
pared to let;s than 4 million acres in 108 townships in 1947. In 1935 thir" 
teen additional townships had partial stock laws that permitted unrestricted 
grazing for cattle, horses, and mules, but that prohibited grazing for hogs 
and sheep. By 1947 this number had been reduced to 10. Some additional 
acreage is illegally grazed as open range. 
In the extensive unfenced forests of the Ozark region grazing at pre-
sent intensities has little effect on the perpetuation of the forest. On these. 
forest ranges, livestock generally consume the more palatable forage and 
move on, allowing the area to recover. The greatest damage to the forest 
cover on these areas is caused by the fires deliberately set to keep down 
the persistent understory and to remove competing leaf litter. Frequent 
burning also causes serious site deterioration. 
Grazing pressure on the unfenced forest range has declined appre-
ciably in recent years. Not only has the acreage of legally open range de-
creased, but the area of improved fenced pasture has increased. Milk 
companies in the Ozarks have expanded rapidly causing a partial shift from 
beef to milk production. Daily milking makes fenced pastures necessary. 
Better breeds of livestock have been introduced. The farmers cannot afford 
to let blooded cattle run loose in the forest. If the trend toward fenced 
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pasture continues, the pressure on the forest range will continue to decline. 
The problems of forest range management are of greatest importance 
in the Ozark region. Stock raising will continue to be a major phase of 
the Ozark economy. The forest lands in this region must continue to pro-
vide forage as well as timber. Many relatively untimbered areas scattered 
throughout the Ozark forests, especially in the southwestern glade area, 
are better suited for range forage production than for timber. Grazing 
must definitely be considered in the management of the Ozark forest lands. 
The problem of correlating timber and forage production must be resolved 
if maximum benefits are to be gained from these forest areas. 
A FOREST RESTORATION PROGRAM 
The commercial forest acreage in Missouri will probably change but 
little in the foreseeable future. Since agricultural competition for land 
has been keen during the past century, most of the remaining forests oc-
cur on lands submarginal for other agricultural uses. This is especially 
true in the rugged Ozark region where two-thirds of the present forest 
area is located. Although the forest acreage will fluctuate somewhat with 
changes in economic conditions, approximately one-third of the land area 
of the state will probably remain in forest. 
The forests occupying this area today are in poor condition. The 
saw-timber volume averages only 789 board feet per acre, probably no more 
than one-fifth of the land's capabilities. Only 10 percent of the commer-
cial forest land supports stands exceeding 2,000 board feet per acre. High-
grading, premature cutting, and frequent burning have reduced the quality 
of the timber as well as the volume. Today more than half of the net cubic 
volume is in trees of less than 11 inches d.b.h. More than half of the saw-
timber volume is in trees of less than 15 inches d.b.h. Much of the growing 
~pace is occupied by cull and defective trees. Approximately one-third of the 
gross board-foot volume in allsaw-timber-sized trees in the forest is in cull 
trees. The annual saw-timber growth averages only 45 board feet per acre; 
only 38 per acre in the Ozark region where two-thirds of the forest area 
occurs. 
Unlike some other resources, the forest resource is renewable. It 
can be restored. The potential returns from this area are far greater than 
the present contributions. Although the saw-timber resource is severely 
depleted the younger stands constitute an adequate base upon which to 
build a valuable forest. The species composition, stocking, and quality of 
the stands on at least 80 percent of the commercial forest area-chiefly 
young stands-are sufficient to produce a fair to good mature stand in 
response to reasonably good management. Action is needed if full advantage 
is to be taken of the social and economic benefits that this large area is 
capable of providing. Responsibility for action rests jointly upon the land-
owners, industry, and the local, State and Federal Governments. All will 
share in the benefits. All can participate in a program to bring about the 
greatest improvement in the shortest possible time. 
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Protect the Forest 
Without adequate protection from losses by fire, insects, diseases, over-
grazing, and theft little can be accomplished toward improving this re-
sonrce. Although losses due to these agencies have constantly been reduced 
during recent years, much greater improvement is needed. 
Extend and Intensify Fire Control.-Adequate fire control is a funda-
mental requisite in sustained-yield forest management. The direct dam-
ages caused by forest fires are apparent in the outright destruction of 
property, the killing of young trees, and the loss of timber suitable for 
forest products. The indirect losses are even more serious in Missouri. 
Fire not only retards the growth, but also causes an increase in the volume of 
cull. Repeated fires cause severe damage to watersheds by reducing the 
water-holding capacity of the surface soil and by increasing the likelihood 
of erosion and floods. Recreation values are reduced, and much of the 
wildlife is killed or driven from the area by forest fires. 
In few states do fires burn as much of the forested area each year as 
in Missouri. The State Forester estimates that more than 6,000 wildfires 
are started annually in Missouri-a larger number than occur in all the 
Lake States combined. Prior to the establishment of the national forests 
and the state protection districts about one-third of the forest area was 
burned annually. The fire situation has been improved considerably in 
recent years, mainly through the efforts of the Missouri Conservation Com-
mission and the Forest Service, U. S. Dep~rtment of Agriculture. As of 
1949 the state provided organized protection to about 6.2 million acres in the 
rapidly expanding fire protection districts. In addition the Forest Service 
protected about 2.5 million acres of public and private forest land within the 
national forest boundaries. Although the number of fires on the remaining 
6.5 million acres of unprotected forest land has been reduced, approximately 
one-fifth of the unprotected forest area is still being swept by fires ann"ually. 
All forest areas need protection from fire. However, fire hazard is 
low on the 2.5 million acres of scattered farm-owned stands throughout the 
Prairie region. Adequate protection can be given these areas by the local 
owners. Organized protection is needed on the 12.7 million acres in the 
Ozark and Riverborder regions, approximately 8.7 million acres of which are 
now protected by the state and national forest organizations. Intensifica-
tion of fire control activities on the protected area and expansion of organ-
ized protection to include the additional 4 million acres still in need of 
such protection is one means of increasing the productivity of the fotest 
lands. Fire control is an essential part of forest management. 
Reduce Insect and Disease Losses.-Insects and diseases have never 
caused spectacular timber losses in Missouri. However, they do cause a 
steady drain upon Missouri's forests by killing timber, by reducing growth, 
and by causing losses of material through decay. Probably the most 
common of the destructive insects found in Missouri, though not in alarm-
ing numbers, are the tip moths found mainly in the open-grown pine planta-
tions, the pine sawflies, and various borers. Several endemic diseases in 
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the area and in the surrounding states will bear close watching, although 
to date, damage caused by them in Missouri has not been severe. The oak 
wilt which is seriously affecting the black oaks in Wisconsin, northern 
Illinois, and Iowa has been reported in Missouri. This rapidly spreading 
fungus attacks all oaks. The Dutch elm disease and phloem necrosis, spread-
ing slowly through the states farther east, are a constant threat to the Mis-
souri elms, which make up 18 percent of the saw-timber volume in the 
Prairie region. A high proportion of cull in the Missouri forests is caused by 
val'ious fungi which gain entrance through broken branch stubs and through 
fire scars and cause stem defects and slow decay of the heartwood. 
Most of these losses can be indirectly charged to fire damage. The 
frequent fires scar the timber and permit entry of borers and wood-rotting 
fungi. Fires also open the stand and reduce the ability of the trees to 
prune themselves naturally while their branches are small and the resulting 
scars can be rapidly healed over. Probably the most effective way to re-
duce the insect and disease losses in Missouri is to reduce fire damage. 
Reduce Timber Theft.-In some parts of the state, timber theft pre-
sents a considerable obstacle to forest management, especially on lands held 
by absentee owners. Financial losses suffered through theft of the more 
valuable trees, and in some cases theft of the entire stand, can hardly be 
considered an incentive for good management. The prevalence of timber 
thefts has diminished in recent years. The importance of the forests in the 
general economy of the woodland communities has been recognized by 
many of the inhabitants and ihis recognition has created a respect for 
forest ownership more in keeping with that shown for other types of prop~ 
eriy. MOl'e frequent arrests and convictions in trespass cases have dampened 
the ardor of many would-be violators. Far greater opportunities for prof-
itable employment now exist, reducing the need for the income derived from 
stolen timber. The State Legislature recognizes the need for forest pro-
tection from trespass. Basic revisions in the constitution adopted in 1945 
and the State Forestry Act passed in 1946 granted the Missouri Conservation 
Commission additional powers to assist landowners in the enforcement of 
trespass laws. To reduce timber theft, greater emphasis is needed on the 
enforcement of trespass laws in a few problem areas. 
Build Up the Timber Stand 
The greatest opportunities for increasing the returns from the Missouri' 
forest lands lie in measures that will build up the depleted timber stand. 
Action can be taken to increase the volume of growing stock, to improve 
the quality of the timber, to make room for trees of good species and form 
by the removal of culls, and to increase productivity by planting sparsely 
stocked and idle lands. 
Increase Volume.-The volume of growing stock must be increased 
if the forest area is to produce an appreciably greater volume of forest 
products. This can be accomplished by temporarily reducing the present 
harvest, by adopting measures that will increase the growth, or by a com-
bination of both. A drastic reduction in the present cut would cause a serious 
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loss in income and employment. Limited industrial adjustments can be 
made that will cause a moderate reduction in the present harvest without 
seriously disrupting the local economy. The greatest improvement, how-
ever, can be made by emphasizing measures to build up the volume of 
growing stock through increased growth while maintaining approximately 
the present cut until a level is reached which will permit an even larger 
harvest. Effective measures to increase growth include better fire control, 
improved cutting practices, and the planting of many poorly stocked areas. 
Improve Quality.-The quality of the future stands can be improved 
by adopting conservative cutting practices to increase the stocking of the 
more valuable species and of the larger trees. The common practice of 
removing all large trees of the most desirable species has reduced the 
proportion of the more valuable trees in the stand. The results of such a 
cutting procedure can be most clearly seen in the eastern Ozarks where 
stands once composed of a high percentage of shortleaf pine have been 
replaced by stands of less valuab!e hardwoods. The species composition of 
the forest can be improved through the use of future cutting practices that 
favor the desired species, that leave enough of the thrifty seed-bearing trees 
to provide for future cuts and for regeneration, and that remove as high 
a proportion as possible of the slow-growing trees and trees of inferior 
species. 
Large areas, particularly in the Ozark highlands, cannot produce high-
quality hardwood trees because of site limitations. Many such areas origi-
nally supported concentrations of good shortleaf pine. The volume of pine 
on these areas has been reduced or entirely eliminated by cutting and fire. 
Within its range, which at present includes from 6 to 7 million acres cen-
tering around Reynolds and Shannon Counties, pine will produce a greater 
volume of wood per acre and at a faster rate than the hardwood species 
now occupying these areas. The volume and quality of the stands through-
out this area can be improved by increasing the proportion of pine, especi-
ally in stands on the drier, more exposed sites. 
Past cutting has reduced the proportion of large trees in the stand 
until today more than half of the net cubic-foot volume is in pole-timber 
trees. Saw-timber trees are needed to produce most of the quality pro-
ducts such as tight cooperage stock, veneer, handles, and lumber. Approxi-
mately three-fourths of the timber volume removed from the forest growing 
stock in 1946 for commodity use was of saw-timber size. The quality of 
the forest, and the returns from forest lands, can be improved through the 
adoption of cutting practices designed to gradually increase the proportion 
of larger trees in the stand. 
Remove Cull Trees.-Forest productivity is seriously limited by the 
large number of cull trees in the Missouri stands. The volume of these 
trees-about one-third of the gross board-foot volume in all saw-timber-
sized trees-is largely a result of past cutting practices and of the fires 
that have repeatedly swept the area. Improved fire control will reduce the 
number of cull trees in future stands but obviously cannot remedy the dam-
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age already done to the present stand. The removal of this tremendous 
volume in cull trees to make room for thrifty merchantable growth pre-
sents a formidable problem. 
More of this material could be utilized as fuelwood. At the present 
time 41 percent of Missouri's fuelwood, more than 500,000 cords annually, 
is produced from good growing stock. In some areas the receipts for ma-
terials salvaged from cull trees for charcoal wood, fuelwood, mine timbers, 
or rough lumber for farm use may cover the costs of the recommended 
improvement cuttings. However, markets for such low-quality hardwoods 
are extremely limited in most areas. The fact that more labor is required to 
harvest and process gnarled '01' partially rotten cull trees than clean straight 
trees discourages increased use of cull materials. In most cases the elimi-
nation of the cull trees will require cash or labor expenditures without re-
turns until the improved crop is harvested. 
Some farmers are increasing the value of their woodlands with little 
cash expense by making improvement cuttings whenever they can spare the 
time. The state forests and the stands of some industrial owners are being 
selectively cut to improve the stand. The national forest officers consider 
the removal of cull trees to be one of the major forest management prob-
lems in this area. By 1946 improvement cuttings to remove these decadent 
and poorly formed trees had been made on approximately 200,000 acres of 
national forest lands. The area that has received such treatment to date 
is insignificant in comparison to the area still to be covered. The removal 
of cull trees will improve the forest and eventually increase the returns 
from forest lands. 
Plant Sparsely Stocked and Idle Lands.-Planting can greatly reduce 
the time required to develop well-stocked stands on the present under-
stocked areas. More than 6 million acres of the commercial forest land 
in Missouri has good stocking, and an additional 6 million acres has fair 
stocking. Under improved management and fire control, these stands can 
eventually be built up sufficiently by natural regeneration. 
Despite the ability of hardwood trees to perpetuate themselves almost 
~ million acres of the commercial forest area lacks sufficient stocking to 
do so. Approximately one-half of this poorly stocked area is heavily grazed. 
The owners of these heavily grazed woodlands must decide whether to dedi-
cate their woodlands to timber production or to grazing. If timber pro-
duction is desired, the livestock must be excluded before planting can be 
justified. Much of the remaining 1.5 million acres of poorly stocked forest 
land will require planting if adequate stocking is to be attained within a 
reasonable length of time. These areas will generally not require com-
plete planting, but rather a "sweetening" of from 200-600 trees per acre 
.scattered through the natural openings and the openings created by girdling 
or cutting cull trees. Within the pine range shortleaf pine should be planted 
on the dry southern and western slopes where pine will produce better growth 
than the hardwoods. Redcedar should be planted on areas with shallow lime-
stone soils, especially in the southwestern Ozarks. Black walnut, an ex-
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ceedingly valuable species, can be successfully planted on well-drained 
stream banks and moist lower slopes. 
A large number of abandoned fields, primarily in the Ozark region, 
are being taken over by noncommercial tree species such as sassafras and 
persimmon. The establishment of these species is ordinarily the first 
step in plant succession from open field to forest. The area of these re-
stocking fields is estimated to be about 0.5 million acres and will probably 
increase as additional submarginal farm lands are abandoned because 
of a drop in the demand for farm produce. These areas, although sub-
marginal as croplands, can produce timber. Unless they are needed for 
forage production they should be planted before they are taken over by trees 
of undesirable species. Possibly one-half of these idle areas, roughly 0.3 
million acres, should be restored to productivity through forest planting. 
The Missouri Conservation Commission provides forest tree seedlings 
for farmers and other landowners at less than cost in order to encourage 
woodlot planting and planting for erosion control, windbreaks, and wildlife 
cover. Federal financial aid, authorized by the Clarke-McNary Act and 
the Norris-Doxey Act, is given the state to produce and distribute forest 
planting stock. During the 1946-47 fiscal year, less than 1.2 million trees 
were supplied by the state forest nursery to 1,192 farmers for forest 
planting-only enough to plant a little over 1,000 acres. 
The exact acreage in need of planting cannot be stated. It depends on 
several variable factors such as the intensity of management proposed, gen-
eral economic conditions, and future land-use competition. The above rough 
estimate of 0.3 million acres in need of complete planting and 1.5 million 
acres of unsatisfactorily stocked stands in need of interp~anting provides 
a minimum measure of the planting job ahead. 
Planting, although costly, is one means of building up the "timber stand 
and increasing the returns from forest lands. More information on pla-nting 
techniques is urgently needed, especially for hardwood species, and on direct 
seeding techniques. If successful these latter could greatly reduce plant-
ing costs. 
Improve Marketing and Utilization 
Improvements in marketing and utilization practices can increase the 
returns to the landowners and timber operators and thus stimulate interest 
in the woodlands. This in turn will probably result in better forest man-
agement. Maximum returns cannot be obtained from the forest lands 
through good forest management and protection alone. Forest materials 
must be efficiently marketed and utilized to return maximum profits to the 
timber producers and processors, to provide maximum employment, and to 
meet most fully the state's requirements for timber products. 
Develop Better Marketing Practices.-The most common method of 
marketing timber from small tracts in Missouri is on a lump sum basis for 
all the trees within a specified area. Such sales usually result in what is 
virtually a clear-cutting operation of the larger trees. Since the buyer has 
paid for the entire stand, he harvests everything that he thinks will cover 
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the cost of processing. The removal of all of the larger trees in this manner 
leaves a residual stand that will return nothing to the owner for many years. 
Naturally the owner then loses interest in it. 
Under present marketing practices in Missouri the potential returns 
from timber tracts are often considerably greater than the amounts actually 
received by the owners. The buyer is usually better able to judge the volume 
and quality of timber on a tract and thus places the less experienced owner 
at a bargaining disadvantage. Even when the owner protects his interests 
by soliciting bids from several buyers, the maximum return is not always 
guaranteed. Good-quality timber is often sold for purposes that could be 
met by lower-quality materials. The return, although a fair value for the 
purpose intended by the bidders, is often less than a fair price for the 
stumpage if marketed by grade for its highest use. To obtain the maxi-
mum return for his forest products the owner must know their value based 
on the highest use permitted by marketing conditions in the area. 
Since the availability of markets in Missouri varies by regions, mar-
keting aid can best be provided by someone familiar with local conditions. 
Public marketing assistance in the form of localized personal instruction 
and demonstration could increase the returns to the landowner and aid in-
dustry by channeling the timber harvested into the products for which it 
is' best suited. A good start in this direction has already been made. The 
Extension· Forester and County Agents of the State Extension Service now 
provide some assistance. The farm woodland owners in 40 Missouri counties 
are receiving additional aid through the Missouri Farm Forestry Program 
jointly sponsored by the State and Federal Governments under the Norris-
Doxey Act of 1937. The present staff of nine Farm Foresters is insuffi-
cient to meet all the requests for such services. There is need for more 
marketing assistance for both the farm woodland owners and the nonfarm 
timber owners in the state. 
The lack of suitable markets for the small volumes being produced from 
the depleted stands, especially in the less heavily forested sections of the 
state, seriously handicaps many timber producers. Local markets for many 
products cannot be developed until the production volume is increased through 
forest restoration. In the meantime any means of extending the present 
markets could be of help. The development of a marketing information 
service could help both the timber growers and buyers. Under such a plan, 
detailed information regarding the kind and amount of timber for sale by 
producers and required by consumers could be assembled and periodically 
published in a marketing bulletin. 
Cooperative marketing associations offer another means of improving 
marketing conditions. The cooperative by assembling the output of num-
erous producers, can build up volumes of specialty materials that will at-
tract buyers paying premium prices. To date actual experience with forest 
cooperatives has been rather limited. Attempts to organize such associa-
tions have met with varying degrees of success. Forest cooperatives face 
many difficulties, especially in areas containing badly depleted forest stands, 
RESEARCH BULLETIN 452 67 
but if successful they can benefit both industry and the small woodland 
owners. 
The development of more secondary wood-using industries in the for-
est communities is another means of providing better markets for the tim-
ber by grade and species. For lack of such markets many Missouri timber 
owners and operators now process high-quality woods suitable for premium 
products into common lumber. An increase in the number of wood-remanu-
facturing plants would create markets for materials of varying quality 
specifications, and would encourage integrated harvesting and more effi-
cient utilization of the timber with greater profits to the timber owners 
and operators. 
Increase Utilization of Waste and Low-Grade Woods.-The Missouri 
forest can never produce maximum returns until the inferior species and 
badly defective trees are removed and replaced by trees of more desirable 
species and quality. Prevailing cutting practices, which concentrate on the 
more desirable grades and species in the forest, are increasing the pro-
portion of inferior trees in the stand. Relatively little progress can be 
made in removing these trees until profitable uses for them are developed. 
The proportion of less desirable materials now being utilized for products 
of low quality such as fuelwood, rough construction lumber, charcoal, and 
mine timbers could be increased. 
The Forest Products Laboratory at Madison, Wisconsin, and other re-
search organizations are now experimenting with wood molasses as a live-
stock and poultry feed supplement. Wood molasses can be made from low-
grade and waste-wood materials. It is now being used experimentally for 
pelleting feed, as a carbohydrate feed supplement, and as a preservative 
for silage. Present research in the nutritional qualities of this product 
should, within the next few years, establish its value to the livestock and 
poultry industries. 
Pulpwood offers one of the most promising outlets for low-grade hard-
woods in Missouri. The volume of wood pulp used for innumerable paper and 
paperboard products has been constantly increasing. The upland hard-
woods, such as comprise the oak-hickory stands in Missouri, offer a new 
source of fiber to meet the growing demand for pulp. To date little use 
has been made of such materials because the pulp industries prefer soft-
woods and the softer hardwoods. The encouraging results of recent pUlping 
tests conducted by the Forest Products Laboratory and various other public 
and private agencies have created considerable interest in the possibilities 
of increasing the use of hardwoods for pulp. Further technical develop-
ments in this field could greatly affect future management practices in the 
hardwood forests of Missouri. 
Considerable progress has been made during recent years in developing 
new uses for waste and low-grade woods. For example, the roofing-felt 
industry now consumes large quantities of wood chips in place of the ragft 
former'y u~ed. A large part of the country's packaging needs formerly filled 
by slack cooperage and wooden crates are now met by fiber-board con-
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tainers produced from lower-quality materials. Timber ShOl"tages during 
and following the war forced many industries to successfully substitute 
woods of lower grade and inferior species for the quality materials for-
merly considered essential. Continued progress in the fields of wood 
chemistry and wood conversion will undoubtedly result in increased util-
ization of low-grade woods in Missouri as well as elsewhere. The develop-
ment of more efficient equipment and improved operating methods will also 
reduce waste and, by reducing processing costs, will permit increased 
use of inferior woods. Increased utilization of such materials from 
Missouri's forest will improve the composition of the forest and conserve 
the quality materials for higher use. 
Expand Public Ownership 
Most of the Missouri forest land that can be kept reasonably produc-
tive under private management should be left in private ownership. How-
ever, in some areas where private owners are unable or unwilling to main-
tain productivity, public ownership is desirable. Some forest areas in Mis-
souri are of such poor site quality or support such badly depleted timber 
stands than they cannot be profitably managed under private ownership. 
Only a public agency can afford to devote the time and care needed to re-
store the productivity of such areas. Public forests are needed to protect 
the watersheds of major streams, and to serve as demonstrations of good 
forest management. They are needed for recreation and for game propaga-
tion. In addition to the benefits gained through such uses, public forest 
lands can provide a block of timber under good management which will help 
to stabilize the forest industries and meet national emergencies. 
In a few cases the counties or municipalities, with the cooperation of 
local clubs or civic organizations, may desire to manage small public forests 
as memorial forests or as community conservation projects. However, county 
or local officials are not usually in a position to assume the responsibilities 
of long-term forest administration and management. The State and Fed-
eral Governments, therefore, will probably have to accept the responsi-
bility of acquiring and administering the bulk of the forest lands needed 
in public ownership. 
.Intensify Research 
More research is needed to provide detailed information essential to 
the restoration program. Without research many costly errors will be made 
and much valuable time and effort lost. Before Missouri's forest lands can 
reach maximum productivity numerous problems must be solved, problems 
such as removing cull trees, reducing planting costs, improving marketing 
and utilization, and correlating timber production with grazing and with 
watershed protection. 
Forest research is being carried on to a limited extent in many parts 
tlf the country by some large industrial corporations, privately endowed 
foundations, and trade associations. In Miss:luri, where small landowners 
and small forest-products industries predominate, forest research is largely a 
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public responsibility. Publicly financed research can best be conducted in 
Missouri by the University of Missouri Agricultural Experiment Station and 
the research units of the Forest Service, U. S. Department of Agriculture. 
Of the latter, the Forest Products Laboratory and the Central States 
Forest Experiment Station, through its Northern Ozark Research Center 
at Columbia, Missouri, are helping to solve Missouri's forest problems. 
Although numerous problems are still to be solved by careful experi-
mentation and investigation, much unapplied information is already avail-
able. The knowledge gained through experience and research is of little 
value unless it is used to improve existing conditions. Many measures 
already known to be beneficial can be applied without delay. Broader ap-
plication of existing knowledge and immediate application of new research 
findings can reduce the time required to restore the productivity of Mis-
souri's depleted forest resources. 
APPENDIX 
Forest Survey Procedure 
Inventory.-The inventory of the forest resources of Missouri was 
begun in September 1946 and was completed in September 1947. A samp-
ling procedure was used involving an office study of aerial photographs and 
a field examination of randomly selected forest and non forest plots. 
The proportion of forest land by counties was obtained by placing 
over each photograph a transparent template marked with uniformly spaced 
dots and by counting the number of dots falling on forest and on non-
forest areas. The percentage of forest dots in a county applied to the total 
land area gave a preliminary estimate of the forest acreage. 
The location of a selected number of dots falling on forest land was 
marked on the photograph. The acre surrounding each marked dot was 
examined under stereoscope and classified by stand-size class on the basis 
of the height, crown width, and density of crown cover on the plot. 
Plots for field examination were selected from those photo-classified 
as follows: 
Saw-timber areas ______________________________ 1 in 5 
Pole-timber areas ____________________________ 1 in 10 
Seedling and sapling areas ____________________ 1 in 20. 
Poorly stocked areas _________________________ 1 in 10 
In addition, every 50th non forest plot was selected for field examination to 
measure the movement of non forest land to forest. 
The locations of the selected plots were marked on the photographs, 
which were then sent to the field. Crews of two men each located these 
points on the ground and at each established a Yu-acre plot on which they 
recorded the number of trees by species, size. and condition; the growth 
rate of trees; and the forest type and site quality of plots. A field check 
of the photo interpreter's stand-size-class determination was also made. 
The field examination also provided a basis for adjusting the preliminary 
estimate of forest and nonforest area. 
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Approximately 196,590 dots were counted on the photos for forest-area 
determination. Stereoscopic examinations to determine stand-size class 
were made of 26,370 forest plots. Field crews examined 2,603 forest plots 
and 886 nonforest plots. These photo and field examinations provided the 
basic data for computation of forest area, growth, and timber volume sta-
tistics for the state. 
Volume Tables.-The volume tables used in the Missouri Survey were 
based on the Mesavage-Girard form class tables. Measurements were taken 
on" 1,024 trees to test the applicability of these tables under Missouri con-
ditions. Sample trees were selected at random on timbered areas through-
out the state. Volumes of the sample trees were compared with the Mesavage-
Girard values by form class, species, diameter, and site. These compari-
sons proved that the tables could be adapted for use in Missouri. 
Gross volume tables for saw-timber trees were prepared by species 
group, site, and d.b.h. using adjusted curved values of form class and number 
of logs per tree applied to the form class table. Gross volume tables for 
pole-timber trees were read from the Mesavage cubic-foot form tables after 
appropriate adjustments were made for differences in top merchantability 
standards. Cull factors were applied to the gross volume tables to obtain 
net volume tables. 
Cull.-On the field plots individual trees which did not qualify as 
saw-timber or pole-timber trees were tallied as culls. The volume in cull 
trees was not included in the volume of growing stock nor in growth and 
drain estimates. 
The cull factors (percent of gross volume lost because of rot, shake, 
creak, or other defect) for determining the net volumes of saw-timber and 
pole-timber trees, and for determining the cubic volume of sound wood in 
cull trees were based on (1) cull estimates made by the field crews during 
the volume table studies, (2) studies of cull previously made in the region, 
(3) cull data from local foresters and timber operators, and (4) cull data 
from national forest timber sales records. These data were weighted 
by source and reliability and provided cull factors by species group and tree-
diameter class. The cull factors were applied to gross volume tables to ob-
tain net volume tables. 
Growth.-Growth computat~ons were based upon the measurement of 
increment cores from 2,954 sample trees on the inventory field p'otS. Fu-
ture growth and ingrowth of the sample trees were predicted on the basis 
of past growth. These volumes were expressed as percentages of present 
sample tree net volumes by species and tree-diameter class. Growth, in-
growth, and mortality percentages were applied to inventory volumes to get 
net volume growth. 
Mortality.-Mortality; the volume of drain causEld by natural agencies 
such as fire, insects, and disease, was estimated by a procedure similar to 
that used for inventory volume. All dead trees 3.0 inches or larger d.b.h. 
standing or down, that died within the last four years and that were mer-
chantable at the time of death were tallied on the field plots. The volume 
RESEARCH BULLETIN 452 71 
removed from the growing stock through mortality was computed from 
the plot data by the procedure used to determine the merchantable inven-
tory volume. 
1946 Cutting Drain.-Commodity or cutting drain estimates for 1946 
were based upon production data obtained from several sources. Lumber 
drain was computed from an estimate of 1946 lumber production made by 
the V. S. Forest Service in cooperation with the Civilian Production Ad-
ministration and the V. S. Bureau of the Census. This estimate-the sum-
mation of 12 monthly estimates-was based upon a sampling of sawmills 
stratified by production-size classes. 
Estimates of 1946 fuelwood and fence post production were based upon 
the Master Sample of Agriculture, an area-sampling procedure developed 
at the Iowa State College in cooperation with the V. S. Bureau of the Census 
and the V. S. Bureau of Agricultural Economics. 
Estimates of 1946 production for all other commodities were based 
upon a complete canvass of producers, concentrators, or processors made 
by the Forest Survey staff. The information source varied by product to 
provide fullest coverage at least cost. 
Various factors, such as percentage of woods waste and overrun, that 
are needM to convert production into drain were developed through special 
field studies conducted by the Forest Survey organization. 
Current Annual Drain.-The volume of current annual drain is based 
upon an estimated average annual production of most forest products dur-
ing a period of several years rather than the production peak of 1946. 
Current annual lumber drain is computed from the average annual 
lumber production during the years 1943-1947 (Source: 1943-1946, V.S.D.A. 
Miscellaneous Publication No. 669; 1947, V. S. Bureau of the Census). This 
average annual lumber production, 330 million board feet, differs from that 
reported by the V. S. Bureau of the Census for the same period, 277 million 
board feet. because of differences in the estimates for the year 1946. 
An analysis of all available data on Missouri fence post production in-
dicated that the average annual production during the years 1943-1947 was 
roughly one-third less than the 1946 volume. Current annual fence post 
drain is therefore based on an estimated average annual production one-
third less than the 1946 volume of production. 
The average annual production from 1943-1947 used for other products 
does not provide a reasonable estimate of current annual tight cooperage 
production because government restrictions on whiskey production greatly 
curtailed tight cooperage production during the war years. Current annual 
tight cooperage drain is therefore based on an estimated average annual 
production during the post-war years 1946 and 1947, a volume roughly 
three-fourths that of 1946. 
Current annual drain for all other products is based on 1946 produc-
tion. The annual production volume of each of these commodities was rela-
tively constant during the years 1943-1947, and the 1946 volumes are ac-
cepted as estimates of the 5-year averages. 
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Computations.-Field plot data for estimates of growth, mortality, 
and timber volume were compiled by use of tabulating machine cards. All 
data on the field plot sheets were transferred to cards for machine tabu-
lation. Final tables were prepared from the machine tabulations by apply-
ing factors which represented· the relationship of the area sampled to the 
total commercial forest area. This method made possible rapid, accurate 
compilation of field data at a minimum cost. 
Accuracy of Data 
Forest Area.-Statistical analysis of the forest area data for the state 
of Missouri shows a sampling error of -+- 0.7 percent of the total forest 
area or -+-100,190 acres, at a level of one standard deviation. The error 
of estimate increases with each subdividion of the total forest area, so that 
small acreages may have large errors and therefore indicate only relative 
magnitudes. 
Timber Volume.-The sampling error of the total board-foot volume 
in the state is -+- 2.6 percent or -+- 315 million board feet. This does not 
include the errors of volume tables, cull factors, or other phases of the in-
ventory work for which satisfactory methods of measuring accuracy have 
not been developed. All phases of field work and computations were closely 
supervised to keep these errors at a minimum. Again, the error of estimate 
increases with each subdivision of the total volume so that small volumes 
indicate only relative magnitudes. 
1946 Cutting Drain.-Analysis of the 1946 cutting drain data shows 
a sampling error of -+- 4.3 percent of the total drain volume or -+- 6.2 
million cl,lbic feet, at a level of one standard deviation. This is a measure 
of the sampling error only and is based on the variance or individual de-
viations of the sample data. It .does not include other types of errors 
such as reporting, canvassing, and compilation errors. Such additional 
errors were eliminated as far as possible by close supervision of all field work 
and computations. 
Definitions of Terms Used 
Forest Land Classes.-Forest land.-Land bearing forest growth or 
land from which the forest has been removed but which shows evidence 
of past forest occupancy and which is not now in other use. To qualify 
as forest an area must (1) be at least 100 feet wide; (2) be at least one 
acre in area; (3) have a sufficient number of trees to provide 10 percent 
crown coverage; or (4) lacking 10 percent crown coverage, be likely to 
remain in forest. 
Commercial forest land.-Forest land bearing or capable of bearing 
timber of commercial character, economically available now or prospectively 
for commercial use, and not withdrawn from such use. 
Noncommercial forest land.-Forest land not qualifying as commer-
cial forest land. Two classes of forest area are included: (1) commer-
cially valuable forest land withdrawn from timber use for such purposes 
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as parks, game refuges, military reservations, or reservoir sites; and (2) 
forest land which becaq,se of poor growing conditions will not produce trees 
of commercial quality. 
Forest Types.-Shortleaf pine.-Stands in which shortleaf pine trees 
comprise at least 60 percent of the dominant and codominant trees. 
Cedar-hardwoods.-Stands of redcedar and hardwoods in which red-
cedar comprises at least 20 percent of the dominant and codominant trees. 
Oak-pine.-Stands of pine, oaks, and other hardwoods in which pines 
comprise 20-60 percent of the dominant and codominant trees. 
Oak-hickory.-Stands of hardwoods in which oaks and h'ickories com-
prise at least 60 percent of the dominant and codominant trees. 
White oak.-Stands in which white oak (Quercus alba) comprise at 
least 60 percent of the dominant and codominant trees. 
Mixed hardwoods.-Stands of mixed hardwood species not qualifying 
for other hardwood types. Principal species include elm, maple, basswood, 
and black walnut in mixture with oaks and hickories. 
Pin-oak flats.-Stands of pin oak and other hardwoods occurring on 
poorly drained flats. Associate species include soft maple, elm, hickory, 
and sweetgum. 
Bottomland hardwoods.-Stands on the alluvial bottoms of rivers and 
streams. The principal species include sycamore, willow. elm, blackgum, 
sweetgum, soft maple, oaks, hickory, cottonwood, and cypress. 
Scrub hardwoods.-Stands in which scrub oak or other noncommercial 
hardwood species comprise at least 60 percent of the dominant and codomi-
nant trees. 
Tree Classes.-Saw-timber trees.-Live softwood trees at least 9.0 
inches d.b.h. or live hardwood trees of commercial species at least 11.0 
inches d.b.h. with a sound butt log at least 8 feet long, or with at least 
half of the gross volume of the tree in sound material. 
Pole-timber trees.-Live trees of commercial species at least 5.0 inches 
d.b.h. but less than saw-timber size, which now are or give promise of be-
coming merchantable trees. 
Seedlings and saplings.-Live trees of commercial species less than 
5.0 inches d.b.h. that originated from seeds or developed as sprouts. 
Cull trees.-Live trees of commercial species that do not qualify as 
pole-timber or saw-timber trees because of poor form, limbiness, rot or other 
defect. 
Volume Estimates.--Net board-foot volume or saw-timber growing 
stock.-Includes the volume of that portion of saw-timber trees merchant-
able for sawlogs or cross ties. Volume deductions have been made for rot, 
crook, and other defects. Board-foot volumes are shown in the International 
l;'rinch log rule, which approximates green lumber tally according to stand-
ard lumber association scaling practices. 
Net cubic-foot volume or total growing stock.-Includes the volume 
of sound wood inside bark in (1) the sawlog portion of saw-timber trees, 
(2) the upper stems of softwood saw-timber trees to a 4.0-inch minimum 
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top diameter inside bark, and (3) pole-timber trees to a 4.0-inch minimum 
top diameter inside bark. 
Cubic volume of sound wood.-Includes the volume of sound wood in-
side bark in all living trees 5.0-inch d.b.h. and larger from the stump to 
a 4.0-inch minimum top diameter inside bark. 
Stocking Classes.-Three degrees of stocking were recognized based 
on the percent of ground area covered by the crowns of trees of commercial 
species. Trees of all size classes existing on the area were considered in 
determining stocking. 
Good stocking.-70 percent or better crown cover. 
Fair stocking.-40 to 70 percent crown cover. 
Poor stocking.-Less than 40 percent crown cover. 
Site Classes.-The average number of 16-foot merchantable logs 
produced by mature trees determined the site class. All stem sections % 
log or longer, suitable for cross ties or rough lumber, were considered to be 
merchantable. Merchantable heights were estimated to the nearest. one-
half log. Where mature trees were not present, site was estimated from 
soil and moisture conditions, topography, exposure, and appearance of 
vegetation. The following sites were recognized: 
Site O.-Areas producing hardwood trees that average % log at ma-
turity. 
Site I.-Areas producing hardwood trees that average 1 and 1% logs 
at maturity. 
Site 2.-Areas producing hardwood trees that average 2 and 2% logs 
at ml1turity. 
Site 3.-Areas producing hardwood trees that average 3 logs or better 
at maturity. 
Stand-size Classes.-Large saw timber.-Stands having a minimum net 
volume of 1,500 board feet per acre in saw-timber trees with more than 50 
percent of the net board-foot volume in trees 15.0 inches d.b.h. or larger. 
Small saw timber.-Stands having a minimum net volume of 1,500 
board feet per acre in saw-timber trees with 50 percent or less of the net 
board-foot volume in trees 15.0 inches d.b.h. or larger. 
Pole timber.-Stands having a net volume of less than 1,500 board 
feet per acre, but which are at least 10 percent stocked (30 stems per acre) 
with live pole-sized and larger trees of commercial species, of which at least 
one-half are of pole size. 
Seedling and sapling.-Stands not qualifying either for saw timber or 
pole timber but which are at least 40 percent stocked (300 stems per acre) 
with seedlings and saplings. 
Poorly stocked.-Commercial forest land, including denuded forest area, 
not qualifying for any other class. 
Diameter Classes.-Diameter at breast height (d.b.h.) .-Tree diameter, 
outside of bark, measured at 4.5 feet above average ground level. 
Diameter class.-Trees were recorded in 2-inch diameter classes, each 
class including diameters 1.0 inch below and 0.9 inch above the mid-point 
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of the class; e.g., the 8-inch class included all trees ranging from 7.0 to 
to 8.9 inches d.b.h. 
Diameter inside bark (d.i.b.) .-Tree diameter, inside of bark, at point 
specified. 
,ci_ Growth and Drain.-Total growth.-The annual increase in the volume 
of growing stock due to growth (before making deductions for mortality 
losses). This increase includes the volume added through growth on all 
trees in the growing stock at the beginning of the period, plus the total 
volume in all trees that during the year reach the minimum diameter for 
growing stock (ingrowth). 
Mortality.-The average volume lost annually from the growing stock 
by the death of the individual trees through such natural causes as fire, 
insects, disease, drought, wind, and tree competition. 
Net growth.-Total growth minus mortality losses. 
Saw-timber or board-foot net growth.-The net growth on the saw-
timber growing stock. 
Cubic-foot net growth.-The net growth on the total growing stock. 
Cutting drain.-The volume of material removed from the growing 
stock for commodity production including both the volume utilized and the 
volume of growing stock material cut but not utilized in logging and pro-
cessing. 
Saw-timber or board-foot drain.-Cutting drain on the saw-timber 
growing stock. 
Cubic-foot dmin.-Cutting drain on the total growing stock. 
Species Listed.-Based on Check List of the Native and Naturalized 
Trees of the United States, Including Alaska, mimeographed MS by the 
Forest Service, U. S. Department of Agriculture, 1944. 
COMMON NAME BOTANICAL NAME 
Commercial species; 
Shortleaf pine ____________________________________ Pinus echinata 
Redcedar (Eastern redcedar) ________________ Juniperus virginiana 
Cypress (Baldcypress) ________________________ Taxodium distichum 
White oak __________________________________________ Quercus alba 
Post-oak group;-
Post oak ______________________________________ Quercus stellata 
Swamp white oak _________________________ , ______ Quercus bicolor 
Swamp chestnut oak ____________________________ Quercus prinus 
Overcup oak __________ . __________________________ Quercus lyrata. 
Bur oak __________________________________ Quercus macrocarpa 
Chinquapin oak ________ , __________________ Quercus muehlenbergii 
Black oak ________________________________ , ______ Quercus velutina 
Scarlet oak ______________ , ________________________ Quercus coccinea 
Northern red oak ________________________________ Quercus borealis 
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Other red oaks: 
Southern red oak __________________________ -' ____ Quercus falcata 
Pin oak __________ . ____________________________ Quercus palustris 
Willow oak ____________________________________ Quercus pheUos 
Water oak ____ . __________________________________ Quercus nigra 
Shingle oak ________________________________ Quercus imbricaria 
Hickory ______________ . ________________________________ Carya spp. 
Elm ________________________________________________ .ulmus spp. 
Ash ______________________________________________ Fraxinus spp. 
Sycamo'l'e (American sycamore) _____________ Platanus occidentalis 
Maple __________________ . ______________________________ A~er spp. 
Cottonwood (Eastern cottonwood) ____________ . ____ Populus deltoides 
Black walnut ______________________________________ Juglans nigra 
Other hardwoods-This includes all other commercial hardwood species. 
Noncommercial species:-
Includes species that do not normally have commercial value such as: 
Blackjack oak ________________________________ Quercus marilandica 
Sassafras __ . ___________________________________ Sassafras albidum 
American hornbeam __________________________ Carpinus caroliniana 
Eastern hophornbeam __________________________ Ostrya virginiana 
Alder ____________________________________ . ____________ Alnus spp. 
Eastern redbud ____________ . ____________________ Cercis canadensis 
Service berry __________________________________ Amelanchier spp. 
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TABLE 6. - TOTAL LAND AND FOREST AREA BY PHYSIOGRAPHIC REGION 
AND COUNTY, 1947 
STATE 
Total 
Region land area Forest area 
Thousand Thousand 
acres acres Percent 
Ozark 16,764 10,221 61 
Prairie 19,557 2,496 13 
Riverborder 8,012 2,470 31 
State 44,333 15,187 34 
A. OZARK REGION 
County Forest area County Forest area 
Thousand Per Thousand Per 
acres acres cent acres acres cent 
Eastern Ozark subregion 
Bollinger 398 219 55 Reynolds 526 445 85 
Butler 458 252 55 Ripley 409 289 71 
Carter 324 289 89 St. Francois 292 159 54 
Crawford 486 356 73 Shannon 640 525 82 
Dent 484 340 70 Washington 486 365 75 
Iron 354 290 82 Wayne 497 378 76 
Madison 318 229 72 
Ore on 502 352 70 Total 6,174 4,488 73 
Southwestern Ozark subregion 
Barry 512 211 41 Stone 325 183 56 
Christian 363 172 47 Taney 419 320 76 
Douglas 518 311 60 Texas 757 489 65 
Howell 589 364 62 Webster 377 159 42 
McDonald 346 219 63 Wright 438 217 49 
Newton 403 131 33 
Ozark 484 354 73 Total 5,531 3,130 57 
Northwestern Ozark subregion 
Benton 475 228 48 Morgan 381 213 56 
Camden 419 315 75 Phelps 433 274 63 
Cedar 317 91 29 Polk 411 111 27 
Dallas 344 155 45 Pulaski 353 215 61 
Hickory 262 149 57 St. Clair 448 169 38 
Laclede 493 277 56 
Maries· 337 189 56 
Miller 386 217 56 Total 5,059 2,603 51 
B. PRAIRIE REGION 
Southwestern Prairie subregion 
Barton 380 28 7 Johnson 529 58 11 
Bates 538 63 12 Lafayette 406 39 10 
Cass 447 43 10 Lawrence 396 77 19 
Cooper 360 56 16 Pettis 434 55 13 
Dade 323 65 20 Saline 486 47 10 
Greene 433 88 20 Vernon 536 78 15 
Henry 472 75 16 
Jackson 386 39 10 
Jasper 411 73 18 Total 6,537 884 14 
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B. PRAIRIE REGION--Continued 
County Forest area County Forest area 
Thousand Per Thousand Per 
acres acres cent acres acres cent 
Northwestern Prairie subrelIion 
Andrew 275 29 11 Harrison 461 46 10 
Atchison 352 22 6 Holt 292 29 10 
Buchanan 263 24 9 Livingston 341 46 13 
Caldwell 275 21 8 Mercer 292 35 12 
Carroll 444 33 7 Nodaway 561 34 6 
Clay 264 25 9 Platte 265 32 12 
Clinton 269 16 6 Ray 368 46 12 
Daviess 360 31 9 Worth 171 18 11 
DeKalb 271 19 7 
Gentry 312 34 11 
Grund 278 30 11 Total 6,114 570 9 
Northeastern Prairie subrelIion 
Adair 367 60 16 Pike 436 116 26 
Audrain 443 30 7 Putnam 331 49 15 
Chariton 486 64 13 Ralls 306 57 19 
Clark 326 53 16 Randolph 310 59 19 
Knox 328 37 11 Schuyler 196 22 11 
Lewis 323 55 17 Scotland 282 26 9 
Lincoln 403 102 25 Shelby 321 51 16 
Linn 399 29 7 Sullivan 418 37 9 
Macon 521 79 15 
Marion 282 57 20 
Monroe 428 59 14 Total 6,906 1,042 15 
C. RIVERBORDER REGION 
Missouri Riverborder subrelIion 
Boone 437 91 21 Montgomery 341 99 29 
Callaway 534 172 32 Osage 384 212 55 
Cole 247 79 32 St. Charles 359 89 25 
Franklin 597 261 44 St. Louis 357 62 17 
Gasconade 333 183 55 Ste. Genevieve 320 183 57 
Howard 300 42 14 Warren 274 131 48 
Jefferson 427 230 54 
Moniteau 268 55 20 Total 5,178 1,889 36 
MississiPEi Bottomland subrelIion 
Cape Girardeau 369 89 24 Perry 305 111 36 
Dunklin 347 59 17 Scott 267 30 11 
Mississippi 263 59 23 Stoddard 536 129 24 
New Madrid 435 74 17 
Pemiscot 312 30 10 Total 2,834 581 21 
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TABLE 7. - LAND AREA BY MAJOR USE AND PHYSIOGRAPHIC REGION, 1947 
Land use State Riverborder 
Thousand Per 
acres cent 
Forest: 
Commercial 15,074 34.0 10,123 2,490 
Noncommercial: 
Withdrawn from timber use 37 .1 22 6 
Nonproductive 76 .2 76 
° Total 15,187 34.3 10,221 2,496 
Nonforest 29,146 65.7 6,543 17,061 
Total 44,333 100.0 16,764 19;557 
Percent 100.0 37.8 44.1 
TABLE 8. - COMMERCIAL FOREST AREA BY OWNERSHIP AND 
PHYSIOGRAPHIC REGION, 1947 
2,461 
9 
° 2,470 
5,542 
8,012 
18.1 
Ownership State Prairie Riverborder 
Thousand Percent - - - - - Thousand acres - -------
acres 
Federal: 
National forest 1,197 7.9 1,187 
° 
10 
Other 121 .8 110 
° 
11 
Total 1,31~ 8.7 1,297 
° 
21 
State 120 .8 116 1 3 
Private 13,636 90.5 8,710 2,489 2,437 
Total 15,074 100.0 10,123 2,490 2,461 
Percent 100.0 67.2 16.5 16.3 
TABLE 9. - COMMERCIAL FOREST AREA BY STAND-SIZE CLASS 
AND PHYSIOGRAPHIC REGION, 1947 
Stand-size class State Riverborder 
Thousand Percent 
acres 
Large saw-timber area 856 5.7 287 319 250 
Small saw-timber area 1,178 7.8 774 161 243 
Pole-timber area 6,481 43.0 4,436 936 1,109 
Seedling & sapling area 4,782 31.7 3,589 617 576 
Poorly stocked area 1,777 11.8 1,037 457 283 
Total 15,074 100.0 10,123 2,490 2,461 
Percent 100.0 67.2 16.5 16.3 
80 MISSOURI AGRICULTURAL EXPERIMENT STATION 
TABLE 10. - COMMERCIAL FOREST AREA BY FOREST TYPE AND 
PHYSIOORAPHIC REGION, 1947 
Forest type State Riverborder 
Thousand Percent ------ ------
acres 
ShorUeaf pine 226 1.5 222 0 4 
Cedar-hardwoods 492 3.3 349 12 131 
Oak-pine 794 5.3 775 0 19 
Oak-hickory 9,819 65.1 7,576 1,017 1,226 
White oak 1,091 7.2 460 275 356 
Mixed hardwoods 662 4.4 157 357 148 
Pin-oak flats 342 2.3 32 141 169 
Bottomland hardwoods 1,363 9.0 394 608 361 
Scrub hardwoods 285 1.9 158 80 47 
Total 15,074 100.0 10,123 2,490 2,461 
Percent 100,0 67,2 16.5 16.3 
TABLE 11. - COMMERCIAL FOREST AREA BY FOREST TYPE 
AND STAND-SIZE CLASS, 1947 
Poorly 
Forest type Total stocked 
Thousand Percent 
acres 
Shortleaf pine 226 1.5 4 35 119 62 6 
Cedar-hardwoods 492 3.3 0 4 188 154 146 
Oak-pine 794 5.3 13 86 400 271 24 
Oak-hickory 9,819 65,1 281 572 4,408 3,647 911 
White oak 1,091 7.2 84 214 643 112 38 
Mixed hardwoods 662 4.4 71 69 196 128 198 
Pin-oak flats 342 2.3 54 56 108 73 51 
Bottomland hardwoods 1,363 9.0 349 142 408 232 232 
Scrub hardwoods 285 1.9 0 0 11 103 171 
Total 15,074 100.0 856 1,178 6,481 4,782 1,777 
Percent 100.0 5.7 7.8 43.0 31.7 11.8 
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TABLE 12. - NET BOARD-FOOT VOLt1ME ON COMMERCIAL FOREST AREA 
BY SPECIES AND PHYSIOORAPHIC REGION, 1947 
Species State Prairie Riverborder 
Million Percent 
- - - - - - Million board feet - - - - - -
bd. ft. 
Shortleaf pine -m 4.1 462 0 21 
Redcedar 52 .5 18 -6 28 
Cypress 194 1.6 7 0 187 
White oak 2,535 21.3 1,223 459 853 
Post-oak group 1,426 12.0 957 295 174 
Black oak 2,145 18.0 1,723 182 240 
Scarlet oak 526 4.4 426 30 70 
Northern red oak 443 3.7 248 71 124 
Other red oaks 463 3.9 165 142 156 
Hickory 698 5.9 394 147 157 
Elm 821 6.9 164 469 188 
Ash 170 1.4 55 53 62 
Sycamore 415 3.5 202 113 100 
Maple 287 2.4 72 152 63 
Cottonwood 419 3.5 12 232 175 
Black walnut 260 2.2 69 159 32 
Other hardwoods 561 4.7 199 165 197 
Total 11,898 100.0 6,396 2,675 2,827 
Percent 100.0 53.7 22.5 23.8 
TABLE 13. - NET BOARD-FOOT VOLUME ON COMMERCIAL FOREST AREA BY 
SPECIES AND STAND-SIZE CLASS, 1947 
Po-orly 
Species Total stocked 
Million Percent 
bd.ft. 
Shortleaf pine 483 4.1 19 262 138 62 2 
Redcedar 52 .5 0 2 38 5 7 
Cypress 194 1.6 168 16 0 2 8 
White oak 2,535 21.3 499 653 768 393 222 
Post-oak group 1,426 12.0 171 233 470 407 145 
Black oak 2;145 18.0 415 517 667 433 113 
Scarlet oak 526 4.4 54 168 202 81 21 
Northern red oak 443 3.7 82 118 147 50 46 
Other red oaks 463 3.9 186 105 96 50 26 
Hickory 698 5.9 167 128 218 106 79 
Elm 821 6.9 287 121 125 112 176 
Ash 170 1.4 68 33 47 13 9 
Sycamore 415 3.5 291 33 44 18 29 
Maple 287 2.4 127 67 40 11 42 
Cottonwood 419 3.5 255 112 22 20 10 
Black walnut 260 2.2 85 26 71 26 52 
Other hardwoods 561 4.7 160 148 113 92 48 
Total 11,898 100.0 3,034 2,742 3,206 1,881 1,035 
Percent 100.0 25.5 23.0 27.0 15.8 8.7 
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TABLE 14. - NET BOARD-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY SPECIES AND TREE-DIAMETER CLASS, 1947 
Species Total 12-14 
Shortleaf pine 483 184 219 47 33 
Redcedar 52 25 23 4 0 
Cypress 194 6 35 54 99 
White oak 2,535 1,422 678 435 
Post-oak group 1,426 746 426 254 
Black oak 2,145 1,063 562 521> 
Scarlet oak 526 351 102 73 
Northern red oak 443 217 133 93 
Other red oaks 463 170 120 173 
Hickory 698 445 155 98 
Elm 821 373 193 255 
Ash 170 81 55 34 
Sycamore 415 60 r03 252 
Maple 287 131 66 90 
Cottonwood 419 133 125 161 
Black walnut 260 137 98 25 
Other hardwoods 561 291 173 97 
Total 11,898 215 5,897 3,094 2,692 
Percent 100.0 1.8 49.6 26.0 22.6 
11 Ten-inch diameter class shown separately because in this diameter class, saw-timber 
volume includes softwood trees, but not hardwoods. 
TABLE 15. - NET BOARD-FOOT VOLUME ON COMMERCIAL FOREST AREA BY 
TREE-DIAMETER CLASS AND PHYSIOGRAPHIC REGION, 1947 
State Ozark Prairie Riverborder 
Million Percent Million Percent Million Percent Million Percent 
bd. ft. bd. ft. bd. ft. bd. ft. 
9.0 to 10.9 215 1.8 192 3,0 2 .1 21 .7 
11.0 to 14.9 5,897 49.6 3,584 56.0 1,045 39.1 1,268 44.9 
15.0 to 18.9 3,094 26.0 1,544 24.2 782 29.2 768 27.2 
19.0 and larger 2,692 22.6 1,076 16.8 846 31.6 770 27.2 
Total 11,898 100.0 6,396 100.0 2,675 100.0 2,827 100.0 
Percent 100.0 53.7 22.5 23.8 
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TABLE 16. - NET BOARD-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY FOREST TYPE AND PHYSIOGRAPHIC REGION, 1947 
Forest type State Riverborder 
Million Percent 
bd. ft. 
Shortleaf pine 332 2.8 313 0 19 
Cedar-hardwood 163 1.4 103 5 55 
Oak-pine 533 4.5 527 0 6 
Oak-hickory 6,109 51.3 4,322 804 983 
White oak 1,254 10.5 394 294 566 
Mixed hardwoods 702 5.9 143 420 139 
Pin-oak flats 448 3.8 53 169 226 
Bottomland hardwoods 2,315 19.5 516 968 831 
Scrub hardwoods 42 .3 25 15 2 
Total 11,898 100.0 6,396 2,675 2,827 
Percent 100.0 53.7 22.5 23.8 
TABLE 17. - NET BOARD-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY OWNERSHIP AND PHYSIOGRAPHIC REGION, 1947 
Ownership State Prairie Riverborder 
Million Percent - - - - - - Million board feet - - - - - -
bd. ft. 
Federal: 
National forest 975 8.2 967 0 8 
Other 83 .7 71 0 12 
Total 1,058 8.9 1,038 0 20 
State 98 .8 93 4 
Private 10,742 90.3 5.265 2,674 2,803 
Total 11,898 100.0 6,396 2,675 2,827 
Percent iOo.o 53.7 22.5 23.8 
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TABLE 18. - CUBIC VOLUME OF SOUND WooD'ON COMMERCIAL FOREST AREA 
BY SPECIES AND CLASS OF MATERIAL, 1947 
Cull 
Species trees 
2/ 
Shortleaf pine 200.0 198.1 103.1 95.0 1.9 
Redcedar 50.5 49.6 18.3 31.3 .9 
Cypress 44.2 41.5- 40.3 1.2 2.7 
White oak 1,473.8 904.2 405.3 498.9 298.0 271.6 
Post-oak group 1,335.8 641.2 277.2 364.0 212.8 481.8 
Black oak 1,338.1 763.6 355.0 408.6 273.3 301.2 
Scarlet oak 362.6 222.0 86.5 135.5 66.6 74.0 
Northern red oak 265.9 141.1 71.1 70.0 52.3 72.5 
Other red oaks 240.2 144.8 74.5 70.3 56.9 38.5 
Hickory 552.9 342.0 114.3 227.7 87.4 123.5 
Elm 579.3 253.8 133.2 120.6 101.2 224.3 
Ash 122.9 54.6 27.4 27.2 20.5 47.8 
Sycamore 163.8 89.7 68.7 21.0 51.6 22.5 
Maple 262.6 127.3 46.6 80.7 35.5 99.8 
Cottonwood 157.8 94.5 67.9 26.6 49.5 13.8 
Black walnut 154.4 93.7 42.6 51.1 32.4 28.3 
Other hardwoods 391.1 195.8 91.3 104.5 69.1 126.2 
Noncommercial species 436.3 436.3 
Total 8,132.2 4,357.5 2,023.3 2,334.2 1,407.1 2,367.6 
Percent 100.0 53.6 24.9 28.7 17.3 29.1 
1/ Includes 'tops of softwood saw-timber. y Includes trees of noncommercial species. 
TABLE 19. - NET CUBIC-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY SPECIES AND PHYSIOGRAPHIC REGION, 1947 
Species State Riverborder 
Million Percent 
cu. ft. 
Shortleaf pine 198.1 4.5 192.9 0 5.2 
Redcedar 49.6 1.1 17.6 5.1 26.9 
Cypress 41.5 1.0 1.3 0 40.2 
White oak 904.2 20.8 457.4 160.8 286.0 
Post-oak group 641.2 14.7 455.6 97.2 88.4 
Black oak 763.6 17.5 616.4 66.9 80.3 
Scarlet oak 222.0 5.1 191.4 6.0 24.6 
Northern red oak 141.1 3.2 81.6 22.9 36.6 
Other red oaks 144.8 3.3 56.1 43.3 45.4 
Hickory 342.0 7.8 208.3 65.3 68.4 
Elm 253.8 5.8 63.6 130.0 60.2 
Ash 54.6 1.3 17.9 20.3 16.4 
Sycamore 89.7 2.1 41.7 28.1 19.9 
Maple 127.3 2.9 22.1 72.0 33.2 
Cottonwood 94.5 2.2 2.6 48.4 43.5 
Black walnut 93.7 2.2 31.4 46.3 16.0 
Other hardwoods 195.8 4.5 64.0 63.0 68.8 
Total 4,357.5 100.0 2,521.9 875.6 960.0 
Percent 100.0 57.9 20.1 22.0 
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TABLE 20. - NET CUBIC-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY STAND-SIZE CLASS AND PHYSIOGRAPHIC REGION. 1947 
Stand- size class State Riverborder 
Million Percent 
cu. ft. 
Large saw-timber area 630.1 14.5 166.4 238.5 225.2 
Small saw-timber area 742.0 17.0 458.0 103.0 181.0 
POle-timber area 2.133.6 49.0 1.321.1 380.2 432.3 
Seedling & sapling area 594,0 13.6 453.9 72.5 67.6 
Poorly stocked area 257.8 5.9 122.5 81.4 53.9 
Total 4.357.5 100.0 2,521.9 875.6 . 960.0 
Percent 100.0 57.9 20.1 22.0 
TABLE 21. - NET CUBIC-FOOT VOLUME ON COMMERCIAL FOREST AREA 
BY SPECIES AND TREE-DIAMETER CLASS, 1947 
Species 20 and 
---------
Shortieaf pine 198.1 95.0 44.0 43.2 9.5 6.4 
Redcedar 49.6 31.3 8.7 8.2 1.4 0 
Cypress 41.5 1.2 1.3 6.9 11.0 21.1 
White oak 904.2 289.1 209.8 229.4 109.8 66.1 
Post-oak group 641.2 225.2 138.8 161.9 71.0 44.3 
Black oak 763.6 246.3 162.3 174.5 94.1 86.4 
Scarlet oak 222.0 80.4 55.1 57.4 17.1 12.0 
Northern red oak 141.1 41.0 29.0 34.8 21.6 14.7 
Other red oaks 144.8 42.6 27.7 27.9 19.6 27.0 
Hickory 342.0 152.9 74.8. 73.1 25.6 15.6 
Elm 253.8 76.8 43.8 61.2 31.1 40.9 
Ash 54.6 17.3 9.9 13.2 8.7 5.5 
Sycamore 89.7 8.5 12.5 10.2 17.2 41.3 
Maple 127.3 45.1 35.6 21.5 10.6 14.5 
Cottonwood 94,5 12.2 14.4 21.9 20.6 25.4 
Black walnut 93.7 27.3 23.8 22.4 16.2 4.0 
Other hardwoods 195.8 68.0 36,5 47.6 28.0 15.7 
Total 4,357.5 1.460.2 928.0 1,015.3 513.1 440.9 
Percent 100,0 33.5 21.3 23.3 11.8 10.1 
TABLE 22. - CORD VOLUME.!! OF SOUND WOOD ON COMMERCIAL FOREST AREA 
BY CLASS OF MATERIAL AND PHYSIOGRAPHIC REGION, 1947 
Class of material State Ozark Prairie Riverborder 
- - - - - - - - ~ - - Thousand cords - - - - - -
Growing stock: 
Saw-timber trees Y 31,012 17.281 6.593 7.138 
Pole-timber trees 38.471 23,458 7.135 7.878 
Total Y 69.483 40,739 13.728 15.016 
Hardwood tops and limbs 23.063 12,796 5,220 5,047 
Cull trees Y 38,512 25,576 6.346 6,590 
Total 131,058 79,111 25.294 26,653 
Percent 100.0 60,4 19.3 20.3 
1/ Standard cords, including bark. 
2/ Includes tops of softwood saw-timber. 
'fJ Includes trees of noncommercial species. 
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TABLE 23. - AVERAGE VOLUME OF GROWING STOCK PER ACRE 
BY STAND-SIZE CLASS AND REGION, 1947 
BOARD-FOOT VOLUME 
Stand-size class State Ozark Prairie Riverborder 
Saw-timber area 2,840 2,392 3,179 3,473 
Pole-timber area 495 447 605 594 
Seedling & sapling area 393 387 408 415 
Poorly stocked area 582 470 724 767 
Total 789 632 1,074 1,149 
CUBIC-FOOT VOLUME 
Saw-timber area 675 589 712 824 
Pole-timber area 329 298 406 390 
Seedling & sapling area 124 126 118 117 
Poorll stocked area 145 118 178 191 
Total 289 249 352 390 
TABLE 24. - AVERAGE 10-YEAR DIAMETER GROWTH BY SPECIES 
AND TREE-SIZE CLASS 
Species Saw-timber Pole-timber Saplings 
-Inches -
Shortleaf pine 1.64 --r:60 1.42 
Redcedar 1.30 1.04 0.80 
White oak 1.42 1.24 1.28 
Post-oak "group 1.15 1.12 1.04 
Black oak 1.58 1.68 1.30 
Scarlet oak 2.00 1.88 1.48 
Northern red oak 2.00 1. 78 1.40 
Other red oaks 3.16 2.68 1.88 
Hickory 1.54 1.08 1.10 
Elm 2.60 2.10 1.68 
Ash 2.26 1. 72 1.44 
Sycamore 3.60 3.08 2.36 
Maple 3.00 2.02 2.30 
Cottonwood 4.44 4.60 
Black walnut 2.36 2.16 1.92 
Other hardwoods 3.18 2.52 2.12 
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TABLE 25. - AVERAGE ANNUAL NET BOARD-FOOT GROWTH BY 
SPECIES, EXPRESSED AS A PERCENTAGE OF SAW-TIMBER 
INVENTORY VOLUME 
87 
Species Growth on original 
stand less mortality 1 / Ingrowth Net growth 
- - - - - - - - - - - - Percent - - - - - - - - - - - -
Shortleaf pine 4.63 2.04 6.67 
Redcedar 1.73 3.95 5.68 
Cypress 2.45 2.04 4.49 
All softwoods 3.85 2.17 6.02 
White oak 1.73 2.81 4.54 
Post-oak group 2.56 2.02 4.58 
Black oak 1.68 3.16 4.84 
Scarlet oak 2.88 7.67 10.5p 
Northern red oak 1.69 0.52 2.21 
Other red oaks 3.85 3.47 7.32 
Hickory 1.78 6.35 8.13 
Elm 2.38 2.31 4.69 
Ash 4.34 1.31 5.65 
Sycamore 3.23 1.51 4.74 
Maple 3.50 2.78 6.28 
Cottonwood 3.90 0.73 4.63 
Black walnut 2.59 5.98 8.57 
Other hardwoods 4.47 6.40 10.87 
All hardwoods 2.40 3.23 5.63 
All species 2.49 3.16 5.65 
jJ Annual growth on trees included in the saw-timber growing stock at 
the beginning of the year less annual mortality losses. 
TABLE 26. - PRODUCTION OF PRIMARY FOREST PRODUCTS BY COMMODITY 
AND SOURCE OF MATERIAL, 1946 Y 
Production Production Y Total production Total production 
Commodity Unit of from Mis souri from non- from all Missouri from all Missouri 
measure growing stock growing stock materials materials 
Thousand Percent 
cu. ft. 
Lumber M. bd. ft. 527,814 0 527,814 79,389 40.1 
(Lumber tally) 
Fuelwood Standard cords 554,620 787,827 1,342,447 83,084 42.0 
Fence posts M. pieces 14,911 5,066 19,977 11,028 5.6 
Tight cooperage M. bd. ft. (Int'l) 84,116 0 84,116 12,941 6.5 
Slack cooperage M. bd. ft. (Int'l) 12,620 0 12,620 1,941 1.0 
Hewn cross ties. M. pieces 221 0 221 1,132 .6 
Mine timbers M. cu. ft. 3,360 0 3,360 3,360 1.7 
Handles M. bd. ft. (Int'1) 8,474 0 8,474 1,304 .6 
Veneer M. bd. ft. (Int'l) 9,191 0 9,191 1,414 .7 
Other -M. cu. ft. 2,351 0 2,351 2,351 1.2 
Total 197,944 100.0 
------_ .. _---
1/ Production from Missouri materials in Missouri and in other states. 
]1 Dead trees, nonforest materials, byproducts, noncommercial species, etc. 
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TABLE 27. - CUTTING DRAIN ON mE SAW-'PIMBER GROWING STOCK 
BY COMMODITY AND SPECIES GROUP, 1946 
Commodity Total 
_...... -·----1 
Softwoods Hardwoo:ds 
Thousand Percent Thousand Thousand 
bd. ft. bd. ft. ' bd. ft. 
Lumber 480,611 71.9 50,253 430,358 
Fuelwood 32,827 4.9 119 32,708 
Cooperage 100,557 15.1 0 100,557 
Fence posts 25,456 3.8 7,152 18,304 
Veneer 9,554 1.4 0 9,554 
Handles 8,808 1.3 0 8,808 
Hewn cross ties 7,648 1.2 0 7,648 
Other 2,739 0.4 0 2,739 
Total 668,200 100.0 57,524 610,676 
Percent 100.0 8.6 91.4 
TABLE 28. - CUTTING DRAIN ON THE TOTAL GROWING STOCK BY COMMODITY, 
TREE-SIZE CLASS, AND SPECIES GROUP, 1946 
Total 
Percent - - - - - - -
-~ 
82,115 54.9 8,547 73,568 80,102 8,376 71,726 2,013 171 
34,316 22.9 75 34,241 5,471 20 5,451 28,845 55 
15,470 10.3 1/ 15,470 15,470 1/ 15,470 0 0 
8,381 5.6 2,433 5,948 4,243 1,192 3,051 4,138 1,241 
3,360 2.2 
1,470 1.0 
1/ 3,360 1/ Y 1/ 3,360 Y 
0 1,470 C470 0 1,470 0 0 
1,355 .9 0 1,355 1,355 0 1,355 0 0 
1,177 .8 0 1,177 1,177 0 1,177 0 0 
2,017 1.4 141 1,876 456 0 456 1,561 141 
149,661 100.0 11,196 138,465 109,744 9,588 100,156 39,917 1,608 
---
100.0 7.5 92.5 73.3 6.4 66.9 26.7 1.1 
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